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THE ANTISPiVSMODIC ACTION OF BASIC NITEILES 

A. M. LANDS, ESTELLE ANANENKO, GWENDOLYN JONES, JAMES O. HOPPE, 
AND T. J. BECIvEU' 

Biology Division, Sterling~Winthrop Research Institute, Rensselaer, New York 
Received for publicntion December 17, 1948 

Pre^nous research devoted to the development of sjmthotic substitutes for 
atropine has, for the most part, dealt nith basic esters of aryl-aliphatic acids 
such as ‘Trasentino’ and ‘Pavatrino’ or with tropinol esters such as homatropine. 
More recently, Becker et al. (1) have described a scries of substituted phenyl- 
propylpiperidine antispasmodic drugs with comparatively low anticholinergic 
spasmolytic potency although many of them equalled or exceeded papaverine in 
their spasmolytic action against barium chloride induced contractures. In an 
extension of the aforesaid research, a series of 2,2-diphenylaminoalkanenitriles, 
listed in table 1, has been synthesized by Drs. B. Elpem and A. A. Larsen. 
This communication describes the results obtained in investigating the pharma- 
cologic properties of the.so compounds, particularly with regard to their anti- 
cholinergic effects. 

Resoias. 1. Adion on the isolated inleslinal segment. Spasmolytic potencies 
have been determined by the method of Miller, Becker and Tainter (2) using 
segments of ileum from both rabbits and guinea pigs. Contractures were in- 
duced in the former by acetylcholine and barium and in the latter by histamine. 
The structural formulas and effective sp.asmolj’tic doses, expressed as the log of 
the weight/volume dilution, are shown in table 1. Examination of these data 
indicates that small anticholinergic effects are obtained with the tertiaiy amine 
hydrochlorides, their relative potencies varying from 0.4 (WIN 1038) to 4.9 
(WIN 1601) per cent of that of atropine. Most of the quaternary methiodide 
salts described here are distinctly more anlieholincrgic in action than the cor- 
responding tertiaiy amine hj'drochloridcs. This increase in potency was greatest 
for WIN 1038, WIN 1189 and WIN 1185, the methiodide salts being 52, 41 and 
35 times more spasmolytic than the corresponding hydrochloride salts, when 
compared on the basis of their molar concentrations. WIN 1423 and its methio- 
dide (WIN 2246) showed no significant difference in activity. The substitution 
of a methyl group on the second carbon from the nitrogen nppe.ars to be un- 
favorable for anticholinergic action. WIN 1423 was most spasmolytic against 
barium chloride contractures, being 24 times more active than papaverine 
hydrochloride. The conversion of the tertiary amine into the corresponding 
quaternary methiodide had no predictable effect on the spasmolytic potency 
against barium contractures. None of the nitriles used in this investigation 
■were fonnd to have important spasmolytic action against histamine induced 
contractures of the isolated ileal segments of guinea pigs. The quaternary 
methiodides were found to be distinctly less antiliistaminic than the correspond- 
ing tertiary amine hydrochlorides. 

^ Deceased. 
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2. Action on the intestine in situ. Spasmolytic action on the small intestine 
in situ was determined in rabbits and dogs by the method of Barbour as de- 
scribed by Jackson (3). In some experiments on rabbits, pilocarpine (1 mgm./ 
kgm.) was injected subcutaneously to increase intestinal tonus and motility. 
Three of the most active spasmol 3 rtic compoimds from table 1, WIN 1075, 
WIN 1234 and WIN 1274, were investigated. Results obtained are shoivn in 
table 2. These substances are of comparable potencj’’ and cause distinct spas- 
molysis when injected intravenousl}’- in doses of 0.01 mgm./kgm. This is illus- 

TABLE 1 


A comparison of the spasmolytic action of various diphenylalkanenitrile hydrochlorides 
vith their corresponding methiodide salts 


Dino NO. WIN 

n 

\/- 

NC-i-R 

STROCTUKE R 

SALT 

i 

SPASlfOLYTIC POTENCY ' 

ACUTE TOXiaXY 

j ! 

Acetylcholine 

1 

EaClj 

His- 
tamine , 

i.v, mice 
LBiij rfc s c. 

Log 

dilution* 

Relative 
potency t 

Log 

dilution* 

Log 

dilution* 



Mi 





msm-liem. 

1168 

-ciik:h,N(Ciii)5 

Mi 


o.s 

5.66* 

5.74* 

33.0 ± 1.5 

1103 

“ 


6.40 

2.5 

5.76 

4.00 

13.C±1.2 

1038 

-CHK:njN(C:IIi)! 


5.72 j 

0.4 

6. DO j 

5.36 

34.6 ±2.5 

1075 

** 

cmi 

7.22 , 

21.0 

4.48 ; 

4.90 

7.6 ±0.3 

1185 

-CHKJHjN/ s > 

HCl 

6.04 

0.8 

5.94 

5.68 

26.3 ± 1.2 

1234 

(( 

CH,I 

7.48 

28.2 

6.40 

5.26 

4.9 ±0.4 

ICOl 

-Cn:CH(CH.)N(Cni), 

HCI 

6.72 i 

4.0 j 

C.76 

5.96 


12C3 


CH,I 

7.40 

24.4 

5.24 

<5.00 

U.l±0.8 

1423 

-CH(CH,)CH,N(CHi), 

HCI 

C.40 

1.9 

6.58 

5.00 

C0.0d:3.0 

2240 

“ 

CH.I 

6.20 

3.5 




nc7 


HCI 

6. OS 

.7 

5.76 

5.06 

43.7 ±2.6 

1359 

it 

CH,I 

C.34 

2.0 1 

<6.00 

<6.00 

! 5.6t 

1169 

-ch.<;h(CHi)n < s > 

HCI 

6.20 

1.3 

6.41 

5.44 

31.0 ±2,6 

1274 

It 

CH.I 

7.76 

53.0 ' 

<6.00 

5.30 

5.0} 

Trasentino 


HCI 

6.50 i 

2.4 

6.50 

5.40 

43.0 ±1.0 

Homatropine 


HBr 

G.9S ; 

8.4 



107.0 ±7.0 

Atropine 


HiSO, 

8.10 

100.0 ; 



75.2 ±2.3 


• Log of the weight/volunie dilution (2). 

t Molar concentration of the effective dose of atropine base equals 100 per cent. The molar concentration of all 
other drugs, as their bases, c-'spressed in per cent concentration of atropine. The molecular weight of the quaternary 
bases taken as the total moicculjir weight less the weight of HI. 
t Approximate LDjo. 


trated by fig. 1, wherein an intravenous injection of 0.01 mgm./kgm. of WIN 1075 
produced marked spasmolysis with some effect being apparent for more than 
40 minutes. Spasmolytic action on the dog colon was measured in the un- 
anesthetized animal, the usual condom balloon and tambour system being used 
to record motility changes. Pilocarpine (0.2 mgm./lcgm. intramuscularly) and 
morpliine sulfate (8 mgm./kgm. subcutaneously) were administered to induce 
hjTjermotility and the antispasmodic drug was given only after good motility 
had been established. The effect on the motility of the rabbit colon in situ was 
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T VBLC 2 


Spasinoli/ttr effect on the small inlcsline in 9itu 


ASIUAL* 

DStC 

DOSE— 1 \ 

rrfECTt 

DURATIOV 

MTUBCX OF 
EXPFRIilENTS 



/it« 


rnin 


Rabbit 

WIN 1075 

0 01 

+++ 

10 

9 



■ 0 05 

++ + 

10-20 

0 



! 0 10 

+++ + 

>25 

4 


WIN 1234 

0 01 

++ 

Not dctu mined 

O 



0 05 

+++ 

10-20 1 

G 


WIN 1274 i 

0 01 

0.++ 

4-10 

S 



0 05 

++ 

8-18 

2 



0 10 

+,+++ 

7-10 

S 

Dog 

WIN 1075 

0 01 

++++ 

8-45 ! 

15 


WIN 1231 

0 01 

0, + + + + 

Not determined 

S 


* Urctlnnc used ns the anesthetic in lablnts Dogs were anesthetized with sodium 
pcntothal and sodium barliital 

t ++++ indicates n complete tbolitioii of motilitj nith a reduction in tonus 










i ; i i till MM /-J-X i i t ! Li ) ui i I i t i i i i ‘ i l i ] ! WWM 


Tio 1 Dog nt 9 5 kgm MotiJitv of the smnlJ intcstino h} the method of Barbour. 
WIN 1075, 0 01 mgm /kgm injected intravenously Time in minutes 


determined as described above foi the rabbit small intestine Pilocarpine, 
1 mgm /kgm , vas injected subcutaneously to induce hypermotilitj Results 
obtained vith WIN 1075 may be taken as represent atne of those seen mth the 
most active spasmolytic dnigs (table 3) Definite spasmolytic effects on the 
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rabbit colon were obtained with intravenous doses of 0.01 mgm./kgm. Pro- 
longed spasmolysis of the dog colon was obtained with intramuscular doses of 
0.05 mgm./kgm. Oral or sublingual doses of 5-10 mgm./kgm. were effective 


TABLE 3 


Spasmolytic effect of WIN 1075 on the colon in situ 


AMilAI. j 

1 

DOSE 

MODE OF ADMIN \ 

EFFECT 

DURATION 

NUMBER or 
EXPERIMENTS 


j mgm /kgm 

1 


tKtft 



0.01 

1 i.v. 

++ 

3-5 

4 

Rabbit* ^ 

0.05 

i.v. 

+++ 

15 1 

6 


0.10 

l.V. 

++++ 


0 

Dogt 

0.05 

i m. 

++++ 

>35 

6 


10.00 

Sublingual 

++++ 1 

>72 j 

1 


5.00 

Oral 

±>+++ 

lt.0 

2 


10.00 

Oral 

-h++-h 

>co 

2 


* Urethane (O.S-1.0 mgm./kgm. s.c.) used as the anesthetic. 

t Unanestlietized dog. Hypermotility induced by pilocarpine nitrate (0.2 mgm./kgm.) 
and morphine sulfate (8.0 mgm./kgm.) subcutaneouslj-. 



Fig. 2. Dog 9 0 kgm. Unanesthetized but pretreated with morphine sulfate, 8.0 
mgm./kgm. sulyutaneously and pilocarpine nitrate, 0.2 mgm./kgm. intramuscularly. 
Effect on colonic motiluv at an oral dose of 10 mgm./kgm. of WIN 1075. Ten minutes 
elapsed between 1 ami 2, 20 minutes between 2 and 3. Time in minutes. 


and results obtained are illustrated in figs. 2 and 3. WIN 1075, like atropine 
sulfate, is effective wlien administered orally, sublingually or parenterally. 

S. Effect on sahvary secretion. The effect on salivary^ secretion was deter- 
mined in urethanized rabbits. The anticholinergic drug was administered sub- 
cutaneously 15 minutes before a subcutaneous injection of 20 mgm./kgm. of 
pilocarpine nitrate. The saliva secreted was collected, measured and compared 
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VO 


lO 

I 


lO 



Fig 3. Dog ^\t 11 G kgm. Uiianesthctizcd but prclreatctl with morphine sulfate, 8.0 mgm /kgm. subcutaneously jind pilocarpine 
nitr.atc, 0 2 mgm /kgm intiamuscularly KiTcct on colonic motility of a sublingual dose of 5 mgm /kgm of WIN 1075. Ten minutes 
elapsed between 1 and 2, 20 minutes between each successive segment 
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■v\Dth the volume secreted by a comparable group of rabbits injected with pilo- 
carpine alone. The results obtained are shown in table 4. WIN 1075 appears 
to equal atropine sulfate in its inhibitory effects on salivary secretion. WIN 1234 
was somewhat less and WIN 1274 was definitely less effective in blocking 
secretion. 

Jj.. Vascular anticholinergic effect. The blocldng action against the vaso- 
depressor effect of acetylcholine was determined in dogs. An amount of acetyl- 


TABLE 4 

Effect on salivary secretion in rabbits 


DRUG ; 

DOSE 

EFFECT ON SALIVARV 
SECRETION,* PER CENT 
INHIBITION 

NUilBER OF EXPERIMENTS 


mgm./ksm. 



WIN 1075 

0.1 

79 

5 


0.5 


5 


1.0 


7 

WIN 1234 

0.1 

49 

5 


0.5 

86 

5 


1.0 

74 

5 

WIN 1274 

0.1 

0 

2 


0.5 

42 

5 


1.0 

87 

6 

Atropine sulfate 

0.1 

44 

3 


0.3 

47 

4 


0.5 

93 

4 


* Urethane (1.0 mgm./kgm. subcutaneously) was used as the anesthetic. Salivation 
induced by pilocarpine (20 mgm./kgm. subcutaneously). 


TABLE 5 


Effect on acetylcholine induced vasodepression in anesthetized dogs 


DRUG 

DOSE 

. 1 

REDUCTION IN 
RESPONSE 

DURATION OF 
EFFECT 

NUMBER OF 
EXPEKIUEHTS 

WIN 1075 

i 

mgm./kgm. 

0.1 

per cent 

57 

min. 

25-60 

4 

WIN 1274 

0.1 i 

58 

25->60 

3 

Homatropine hydrobromide 

0.1 

36 

! 20-30 

3 

Atropine sulfate 

0.01 

83 

35-120 

3 


choline bromide to produce a 40 to 60 mm. fall in mean carotid blood pressure 
was injected intravenouslj’- and the resulting response was recorded k 3 mo- 
graphicallj\ The anticholinergic drug was then injected intravenously'- and the 
reduction in the vasodepressor response to acetjdcholine determined at intervals 
of 5-10 minutes in order to determine the maximum blocking effect along with 
the approximate duration of some effect. Results obtained with WIN 1075 and 
WIN 1274, compared with atropine and homatropine, are shown in table 5, 
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These synthetic drugs were approximately equal to homatropino but less effective 
than atropine in blocking the vasodepressor effect of acetylchobne. 

B. Mydriatic effect. Mydriasis was determined in cats. All drugs were dis- 
solved in distilled water and instilled directly into the conjunctival sac, the 
eye being held closed for one minute following instillation. Upon release of the 
eyelids, the excess drug was allowed to drain away. The size of the pupil was 
determined under direct illumination with a 100 watt electric lamp as the light 
source. The mydriatic effect was rated from 1-f to 4-f , the former representing 
just perceptible and the latter complete mydriasis with no response to illumina- 
tion. Results obtained are shown in table 6. Both WIN 1075 and WIN 1234 
appear to bo slightly more mydriatic than homatropino and distinctly less 


TABLE 0 

Mydriatic e^cct of anticholinergic drugs in the cat 


DlUO 

CONCENTIATIOV 

UYDStAStS 

DtT&ATtOV or SOUE 
UlTISIASIS 

WIN 1075 

per ttvl 

0.025 

H-t- 

kourt 

1-i 


0.050 

++ 

3-6 


0.100 


>5 

WIN 1234 

0.010 

+ + 

1-U 


0.025 

++-I- 

2-3 


0.050 

+++ 

3->D 


0.100 

++++ 

>6 

WIN 1274 

0.60 

o,+ 



0.100 

0,H-+ 

3->6 


0.250 

++++ 

>6 

Homatropine 

0.050 

+ 

2j-3i 


0.100 

+++ 

>0 

Atropine sulfate 

0.001 


2} 


0.005 


>4i 


0.010 


>0 


mydriatic than atropine. WIN 1274 appears to be slightly less potent than 
homatropino. By comparison, anticholinergic potency determinations on iso- 
lated intestinal segments of rabbit ileum indicate that all three compounds are 
distinctly more potent than homatropine. Ing et al. (4) have suggested that 
metho-salts, upon local application, may appear less active than similar tertiary 
bases due to the slowness with which onium cations penetrate coll membranes. 
Mydriatic potency, as measured here, is influenced by the rate at which the 
drug passes through the cornea and into the aqueous humor. This may account 
for discrepancy in results obtained by these two methods. 

6. Effect on the central nervous system. The stimulating effect of WIN 1075 
and WIN 1234 on the central nervous system of albino rats was determined by 
the method of Schulte, Tainter and Dille (5). Subcutaneous doses of 10-20 
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mgm./kgm. did not elicit an 3 " increase in activity. In other experiments, WIN 
1075 was injected intraperitoneally into unanesthetized cats. Doses of 5-20 
mgm./kgm. resulted in no demonstrable symptoms of restlessness or inco- 
ordination. At a dose of 40 mgm./kgm. some signs of central stimulation and 
motor incoordination were noted with two out of three injected cats dying 
witliin four hours. 

7. Toxicity. Acute to.xicitj' was detennined by intravenous injection into 
albino mice. The LDso data calculated b}’’ the method of Miller and Tainter (13) 
are shown in table 1. The quaternar}'- methiodidc salts are 2.4 to 7.8 times more 
toxic than the corresponding tertiary amine hj-'drochlorides. Oral toxicity in 
albino mice was determined for WIN 1075 and WIN 1234. By contrast noth 
the results obtained b 3 ’’ intravenous administration, both substances Avere found 
to have Ioav to.xicit 3 ’’ (WIN 1075 — 1625 ± 105 mgm./kgm.; WIN 1234 — ap- 
proximately 800 mgm./kgm.) b 3 '^ this route. These data suggest that absorption 
from the intestine was slow or that detoxification prevented more than a small 
amount of the administered salt from reaching the general circulation. 

Discussion. Becker et al. (1) have reported that the simplest diaryl piperi- 
dine propane, l,l-diphen3d-3-N-piperidylpropane hydrochloride (WIN 118), has 
0.66 per cent of the activity of atropine sulfate against acetylcholine induced 
spasm of the isolated rabbit ileum. The corresponding nitrile analogue (WIN 
1185) has comparable activit 3 c The methiodide salt of WIN 118 is approxi- 
matel 3 ’' twice as potent as the tortiaiy amine lydrochloride. Examination of 
the data in table 1 discloses that some methiodide salts are as much as 52 times 
as active as the corresponding h 3 ’’drochloride salts. The nitrile group increased 
significant the atropine-like action in these quatemar 3 ’- salts . The structure of 
the substituents on the amine is important inasmuch as ivith both the propane- 
and butanenitriles, the N-piperid 3 'l-derivatiA'e was distinctl 3 '^ more active than 
^ the coriesponding dimeth 3 d- or dietlylamine derivative. 

The position of tlic meth34 group in the isobut 3 ’'lnitriles appears important for 
spasmotytic activit 3 \ Thus, by comparison, WIN 1601 shouts a five-fold increase 
in potonc 3 ’^ when converted to the metliiodide salt whereas with WIN 1423 no 
significant change in actiAdt 3 ’^ was observed upon conversion to the quaternary 
(table 1). These compounds differ from each other only in the position of the 
metlyl substituent on the side chain. Increase in anticholinergic activit 3 ' unth 
the conversion of a tertiary amine ester into its corresponding quaternaiy metho- 
salt has been described by Meier and Hoffmann (6) for dietlylaminoethyl 
diphen34acetate and by Ing et al. (4) for dieth 3 ’’laminoethyl diphenylglycolate. 
The foimer was found to be 3.3 and the latter 25 times more active than the 
corresponding tertiaiy amine hydrochlorides. Similarly, Ing et al. (4) have 
compared the anticholinergic activity of atropine, 1-hyoscyamine, l-h 3 'oscine and 
eucatropine with their metho-salts and have reported activity of 0.97 (1-hyoscine 
methiodide) to 7.0 (eucatropine methiodide) times that of the corresponding 
tertiar 3 ’ amine. The order of increase in the anticholinergic activity of the 
above aminopropane derivative (WIN 118) upon com’^ersion to its metho-salt 
more nearly resembles that of the above anticholinergic esters. The nitriles are 
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outstanding in sliowiiig a significantly greater increase in act ivity upon conversion 
to the quaternarj' metliiodido salts. 

Lehmann and ICnoefel (7) have reported transient spasmolysis in the dog fol- 
lowing the intravenous administration of 0.05 mgni./kgm. of diethylaminoethyl 
fluorcne-9-carboxylate hydrochloride. Nccheles cl al. (8) report slight spasmo- 
lysis of the dog jejunum and colon after the intravenous administration of 0.33- 
0.30 mgm./kgm. of diotlylaminocthyl diphcnylacet.ate. Graham and Lazarus 
(9) reported the latter compound to be spasmolytic to the rabbit small intestine 
at an intravenous dose of 0.1 mgm./kgm. Dimethylaminocthyl di-n-butyl- 
earbamate methosulfate in subcutaneous doses of 0.25 mgm./kgm. w.as found 
to be 6p.asmol3'tic to the .stomach and small intestine of unanesfhetized dogs by 
Featherstone and White (10) . The most active anticholinergic nitriles described 
here appear to be more effective than the aforesaid drugs inasmuch ns intravenous 
doses as small as 0.01 mgm./kgm. caused spasmolj'sis of the dog small intestine 
and colon. Similarlj', the small intestine and colon of the anesthetized rabbit 
are effectivclj’ relaxed bj' intravenous doses of 0.01-0.05 mgm./kgm. 

Action on other parnsj-mpathcticnllj' inneiratcd structures suggests that these 
potent anticholinergic nitriles uill have atropine-like side effects. However, 
because of the difference in sensitititj’ between man and c.xperimental animals, 
it would be difficult to estimate their probable clinical toxicitj' prior to actual 
trial. Compared with other experimental data, it would seem that the inhibitory 
effect on s-alivar}' secretion is less than that reported bj' Ing cl al. (-1) for diothyl- 
aminocthj'l diphenj’lglycolate but more than that for diethylaminoethyl di- 
phenj’lacetato of fluorene-9-earboxj’late (Lehmann and Knoefel, 7). Two com- 
pounds (WIN 1075 and WIN 1234) were approximately equal to atropine in their 
effect on salivary secretion. 

Atropine sulfate appears to be at Ic.ast ten times more active than WIN 1075 
and IITN 1274 in blocldng the vasodepressor actions of acetylcholine. These 
drugs were found to bo approxiraatclj' one-tenth as effective as atropine and 
two times ns effective as homntropine in inducing mj-driasis after topical appli- 
cation to the cat’s eye. 

Scopolamine-like intoxication was not observed with either WIN 1075 or 
WIN 1234, c.xcept at high doses. Abreu et al. (11) have reported marked into.xi- 
cation in dogs following subcutaneous doses of 1.0 mgm./kgm. of diethjdamino- 
ethj'l phenyl-2-thienylgl\'colnte. The sp.asmolytic dose was reported to be 
0.1 mgm./lvgm.; thus the margin of safetj' found with this antispasmodic is much 
smaller than that found for the nitriles described in this communication. These 
nitriles more nearly resemble dimethylaminoethyl diphenylglycolate ethochloride 
which according to Ing ci al. (4) produce symptoms of mild intoxication in cats 
when administered subcutaneou.sly in doses of 30-C0 mgm./kgm. These obser- 
vations are in agreement with those reported by Fromherz (12) who found that a 
reduction in the central stimukating action of various anticholinergic esters occurs 
when the tertiarj' .amine is converted to the quaternary methosulfate. 

The methiodide salts of the nitriles were found to be distinctly more toxic 
than their corresponding hj'drochlorides. In this respect, they resemble the 
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•esters described by Meier and Hoffmann (6) wherein an increase in toxicity 
paralleled an increase in neurotropic (anticholinergic) potenc}’' resulting from the 
conversion to the quatemarj' salt. The increase in toxicity upon quatemizing 
these nitriles does not appear to be accompanied by a resultant enhancement of 
their atropine-like actions. Thus, WIN 1359 vnth a relative potencj’- of 2 is more 
toxic than WIN 1263 ^vith a relative potency of 24. Oral toxicity was deter- 
mined for two of the compounds (WIN 1075 and WIN 1234) having high spasmo- 
lytic potency. Both were found to be much less toxic orally than intravenously. 
The effective oral dose of WIN 1075 was about 100 times the effective intra- 
venous dose which suggests that the low oral toxicity results from slow absorption 
•or rapid detoxification. 


SUMMARY 

1. The methiodide salts of various diphenylaminoalkanenitriles have signifi- 
cant anticholinergic activity. 

2. The nitrile group appears to be important for this anticholinergic action. 

3. The most active quaternary salts in this group of compounds are effective 
antispasmodics when administered parenterally, sublingually or orally. 

4. Acute intravenous toxicity of these quaternary salts in albino mice is rela- 
tively high ; by contrast oral toxicity of two of these is low. 

The authors vish to acknowledge the technical assistance of Mrs. E. Miller, 
N. Beglin and E. Alexander. 
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Dietliylaminoethyl ester of plienylcyclopentane carboxylic acid hydrochloride, 
“Parpanit”, has been introduced into clinical 



medicine for the relief of symptoms caused by basal ganglion diseases (1). In 
these conditions, one of the more prominent and disturbing symptoms is muscle 
rigidity and upon this the drug has a pronounced ellect. In guinea pigs the 
musculnr rigidity of tetanus (2) can be completely suppressed by the use of 
Parpanit and in the dog, it depresses strj’chnine convulsions (3). Hartman (4) 
reports a marked dccicaso in muscle tonus follotving the administration of 
Parpanit in human beings. 

In experimental animals Heymans and Do Vlceschhouwer (3) reported a 
decrease in the muscular tonus especially of the abdominal muscles following the 
intravenous injection of Parpanit. Wliile comparing the intensity of the visible 
contractions of the muscles of the paw before and after the injection of the drug 
either intravenously or intra-arterially, they concluded that such injections had 
no effect upon either the neuromuscular conduction at the level of the voluntary 
muscles, or on direct muscular excitability. Domenjoz (5), however, using a 
perfused gastrocnemius muscle of the frog, noted a decrease in general tonus, 
in the height of muscular contraction with small doses and a complete failure of 
the muscle to respond to nerve stimulation with larger doses. This latter effect 
he believes, without implying that the mechanism is the same, is suggestive of 
the effects of curare and atropine. Fieisch and Baud (C) studied the effect of 
Parpanit on muscle tonus and conclude that the drug acts on the peripheral 
proprioceptive elements of the muscles and joints which are responsible for main- 
taining muscular tonus. 

Recently Lehner and Lanini (7) studied the effect of Parpanit on the metabo- 
lism of skeletal muscle cells. Slices either of the gluteus or of the quadriceps 

‘ This work was made possible through a grant by the Geigy Company, Inc. for research 
in the sciences. 
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muscles of rats were used. In these they noted low concentrations to activate 
cellular respiration, moderate concentrations to have no effect and high concen- 
trations to inhibit cellular metabolism. 

Because of the above discrepancies in the literature, we thought a thorough 
investigation of the subject should be carried out and the following problems 
investigated: a) the effect of Parpanit on the rigidity of decerebrated animals; 
b) the effect on the reflexes of spinal animals; c) the effect on the contractions 
of a skeletal muscle of a warm blooded animal stimulated either through its nerve 
or directly, and; d) where indicated, a comparison of the effects of this drug with 
those of similar compounds, Syntropan and Trasentine and with atropine, 
scopolamine, d-tubocurarine and Intocostrin. 

Dcccrehraled Cats. Sherrington’s method of decerebration was employed. First the 
cats were anesthetized with ether, the carotid arteries ligated and a cannula placed in the 
trachea for artificial respiration, if needed, during decerebration. From this point the 
method was similar to that described by Forbes (8) . The vertebral arteries were clamped 
off by applying pressure with the forefinger and thumb, one on either side of the neck, just 
below the transverse processes of the axis during the time that the cerebral hemispheres 
wore being removed from the cranium, and until the blood in the wound was suflBciently 
coagulated to prevent hemorrhage. In the few cases in which the lack of blood to the res- 
piratory center stopped normal respiration, artificial respiration was employed until the 
release of pressure on the vertebral arteries allowed normal respiration to return. After 
the bleeding had ceased, the pressure on the vertebral arteries was gradually released, the 
skull loosely filled with absorbent cotton, the skin flap replaced and the cut skin surfaces 
clipped together securely. Seventeen animals were used. 

The animal was placed on its back on the animal board with the extremities unimpeded. 
Eight to forty-five minutes were allowed to pass for the rigidity of the muscles to become 
maximum, before any intravenous injections were made. 

Following each of the injections of Parpanit the rigidity of the decerebrated 
cats was either reduced or abolished. A visible effect occurred within one minute 
after tlic injection and a maximum response was seen three to ten minutes later. 
In all instances, the initial injection appeared to have a greater effect than subse- 
quent injections. Two mgm./kgm. of Parpanit were injected five times and in 
these nearly complete relaxation occurred in two instances and in the remainder 
the abolition of the rigidity appeared to be complete. Three mgm./kgm. were 
given intravenously five times and in all but one case practically complete dis- 
appearance of the rigidity was observed. Five mgm./kgm. of Parpanit were 
given intravenously fifteen times and 10 mgm./kgm. once. Following all of 
these injections the muscles appeared to be completely relaxed (see figure 1). 
In three animals in which spontaneous muscle tremors of the hind limbs were 
present these were no longer observed after the injections. Atropine sulfate in 
0.5 and 5 mgm./kgm. doses and scopolamine hydrobromide in 1 and 2 mgm./kgm. 
doses produced either no change in the rigidity of the muscles or only a slight 
relaxation. Parpanit, Trasentine and Syntropan administered in 5 mgm./kgm. 
doses, subsequently, caused marked to complete disappearance of the muscular 
rigidity proving these substances to be more powerful than either atropine or 
scopolamine in relieving tliis condition. 
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Trasentinc in 5 and 10 mgm./kgm. doses was given intravenously five and 
one times, respectively, and Syntropan was similarly administered four times in 
doses of 5 mgm./kgm. In all instanees, practically complete disappearance of 
the muscular rigidity occurred soon after the injection. 

Reflexes in Spinal Animal. The surgical procedure here was similar to that used in 
dcccrebration except that the head was completely removed after ligating the carotid ar- 
teries, external and internal jugular veins aud compressing the vertebral arteries by moans 
of a wire securely fastened about the neck. Artificial respiration was used to maintain the 
life of the decapitated animal. Within 30 to 40 minutes the reflex responses to mechanical 
stimulation of the skin and paws were usual^* excellent. 




Fio. 1. Cat cT 2.8 kgm. decerebrated under ether anesthesia. A lino drawing, side view 
1. Control. The limbs arc rigid and extended duo to mu ’ ^ 

the injection of 5 mgm./kgm. Parpanit intravenously. T 

the limbs falling by their own weight. 3. Three mmutc: . u 

The extremities arc flaccid, the muscles relaxed and the limbs arc now resting against the 
body and on the animal board. The rigidity of the muscles ns seen in 1, had returned 29 
minutes later. 

Only four cats were used in tliis study. Five mgm.Agra. of Parpanit were 
injected intravenously five times and in these there appeared to be some weaken- 
ing of the refie.xcs especially the scratch rcflc.x although the results were not too 
convincing. Ten mgm./kgm. of Parpanit were given three times and in these 
the rcfle.xes were markedlj' depressed in each case. Trasentine and Syntropan 
were injected intravenously in 10 mgm./kgm. doses once each in one animal. 
The reflex response to mechanical stimulation of the skin disappeared imme- 
diately as it did following Parpanit administration. 

Nerve Muscle. Four cats, decerebrated as outliocd above, one cat under urethane anes- 
thesia, and twenty-one dogs anesthetized with urethane (1.5 gm./kgm. intnaperitoneally) 
were used in these experiments. By making a small slit through the skin on the outer side 
of either thigh, the peroneus corn/minis nerve was bared and along its entire length separated 
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from the tibialis nerve.- The nerve was cut, and its distal end fastened in a Sherrington 
shielded electrode (9). The electrode was then held in place by fastening around it, with 
metal clips, the two flaps of skin. Through another slit in the skin the tendon of the 
tibialis antieus muscle corresponding to the nerve to be stimulated was isolated from its 
insertion. The tendon was then fastened to a muscle lever by a string passing about a series 
of pulleys. The pullej'S were arranged so that the muscle pulled in its normal direction. 
One thong looped about the hock and another around the foot just below the fastening of the 
tendon bound the leg securely to the animal board and made a very satisfactory muscle 
preparation (10) . This preparation had its normal blood supply unaltered except for the 
cutting of the peroneus communis nerve. 

In those e.xperiments in which the muscles were stimulated directly the skin and under- 
lying tissues were cut away from the tibialis antieus muscle in two places about 3 cm. apart 
Through these small openings platinum needle electrodes were thrust into the muscle. 

One sciatic nerve was cut in each of five dogs and one cat under ether anesthesia five to 
ten days before the experiment was performed to permit degeneration of the nerve to the 
muscle. In four additional dogs 10 units of Intocostrin were injected intra-arteriallj’, the 
dose being repeated as needed to paralyze the motor nerves to the tibialis antieus muscles. 
In these experiments the muscle was stimulated directly as outlined above. 

The stimulating currents were either maximal break induction shocks obtained from a 
“Harvard” inductorium or a current obtained from an “Electrodyne stimulator”. With 
the latter apparatus a current of 1 to 4 volts was used for the nerve and the rate of interrup- 
tion was either 60 or 120 per minute the number being constant for each experiment. When 
a tetanizing current was employed its rate of interruption was 30 per second. With this 
current the nerve was stimulated for two seconds every thirty seconds. For direct excita- 
tion of the muscle either a current of 250 volts from the “Eleotrodyne stimulator” or maxi- 
mal induction shocks from the inductorium were used with a rate of interruption of 60 times 
per minute. The muscle lever consisted of a piece of light straw with a celluloid tip, 20 
cm. in length from the axis to the writing point. The tendon was attached 2 cm. from the 
axis and at the moment the contraction began it pulled against the tension of a spring, which 
was 50 gm. and for each centimeter excursion of the lever on the drum the spring tension 
increased 5 gm. 

The femoral artery, on the same side as the muscle being used, was exposed for intra- 
arterial injection. In some experiments injections were also made into the external jugular 
vein. When a constant slow rate of injection was indicated an injection machine operated 
by a synchronous motor was employed. In all cases except those of Intocostrin and d- 
tubocurarine, the drugs were dissolved in 0.9 per cent sodium chloride solution the concen- 
tration being 10 mgm. of the drug in each cc. of the solution. 

Results. Due to the fact that Parpanit in large doses given intravenously 
lowers the blood pressure and this in itself would tend to decrease the height of 
muscular contraction (11), only a few experiments were performed using this 
route of administration. 

In cats, 3 mgm./kgm. were given intravenously once and 5 mgm./kgm. twice. 
Following each injection a small increase in the height of the muscular con- 
tractions occurred. In dogs only two intravenous injections of Parpanit (10 
mgm./kgm.) were made and in these a definite increase in the force of the con- 
tractions of the tibialis antieus muscle was noted. 

Best results were obtained with intra-arterial injections of the drugs. Twelve 
such injections of Parpanit (1, 1 mgm.; 3, 3 mgm.; 2, 5 mgm.; 5, 10 mgm.; 1, 
20 mgm.) were made in four cats and sixty-six similar injections (1, 0.5 mgm.; 

- The nomonclaturo employed is that of Reighard and Jennings, The Anatomy of the Cat, 
Xew York ,1901. 
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I, 0.0 mgm.; 2, 1 mgm.; C, 2 mgm.; 14, 3 mgm.; 10, 5 mgm.; 30, 10 mgm.; 1, 
15 mgm.; 2, 20 mgm.; 2, 50 mgm.) were made in 17 dogs. No differences were 
noted in the results obtained witli the inductorium and with the “Electvodyno 






I'lG. 2 Dob o’ S kgm. under urcthnne anestticsm. Top record is tlint of the tibialis 
anlicus muscle contractiiiK 120 times a minute^ stimulated thiouKh its nerve. Bottom 
record the blood flow from deep tibial vein In 10 cc. volumes Middle loconl the time in 
intervals of 20 seconds. At 2, in the record, 3 mgm. of Parpanit were injeeted into the fem- 
or.al artery supplying the muscle 
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Fro. 3. Dog 9 10 kgm. under urethane anesthesia. The top record in each curve is 
that of the tibiahs anticus muscle excited through its nerve 120 limes a minute. The current 
uns 4 volts. Below each muscle’s record is the time in intervals of 20 seconds. At 6, 10 
mgm. of Parpanit \sere injected slowly into the femoral nitcry suppljing the muscle. At 
7, the same (lose was injected rapidly. 
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Fro. 4. Cat ’ ’ ’ • ■ ether uncsthebia. Top record is that of the 

tibtali’i arUicni ■ . rye 60 times a minute Stimulating current 

was 1 volt B • in 20 seconds. At 2, in the record, 10 mgm. 

of Paipanit were injected slowly into the femoral artery supplying the muscle. 


stimulator” and between single shocks and tetanizing currents. Large amounts 
of Parpanit injected slowly (figures 2 and 3) gave the same results as small doses 
(0.5 to 3 mgm.) (figure 4) injected rapidly. Alorcover, the size of the animal, 
i.e., the muscular development supplied by the deep tibial artery, also appeared 
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from the tibialis nerve The nerve was cut, and its distal end fastened in a Sherrington 
shielded electrode (9). The electrode was then held in place by fastening around it, with 
metal clips, the two flaps of skin. Through another slit in the skin the tendon of the 
tibialis aniicus muscle corresponding to the nerve to be stimulated was isolated from its 
insertion. The tendon was then fastened to a muscle lever by a string passing about a series 
of pulleys. The pulleys were arranged so that the muscle pulled in its normal direction. 
One thong looped about the hock and another around the foot just below the fastening of the 
tendon bound the leg securely to the animal board and made a very satisfactory muscle 
preparation (10). This preparation had its normal blood supply unaltered e.vcept for the 
cutting of the peroneus communis nerve. 

In those experiments in which the muscles were stimulated directly the skin and under- 
lying tissues were cut away from the tibialis aniicus muscle in two places about 3 cm. apart 
Through these small openings platinum needle electrodes were thrust into the muscle. 

One sciatic nerve was cut in each of five dogs and one cat under ether anesthesia five to 
ten days before the experiment was performed to permit degeneration of the nerve to the 
muscle. In four additional dogs 10 units of Intocostrin were injected intra-arterially, the 
dose being repeated as needed to paralyze the motor nerves to the tibialis aniicus muscles. 
In these experiments the muscle was stimulated directly as outlined above. 

The stimulating currents were either maximal break induction shocks obtained from a 
“Harvard” inductorium or a current obtained from an “Electrodyne stimulator”. With 
the latter apparatus a current of 1 to 4 volts was used for the nerve and the rate of interrup- 
tion was either 60 or 120 per minute the number being constant for each experiment. When 
a tetanizing current was employed its rate of interruption was 30 per second. With this 
current the nerve was stimulated for two seconds every thirty seconds. For direct excita- 
tion of the muscle either a current of 250 volts from the “Electrodyne stimulator” or maxi- 
mal induction shocks from the inductorium were used with a rate of interruption of 60 times 
per minute. The muscle lever consisted of a piece of light straw with a celluloid tip, 20 
cm. in length from the axis to the writing point. The tendon was attached 2 cm. from the 
axis and at the moment the contraction began it pulled against the tension of a spring, which 
was 50 gm. and for each centimeter excursion of the lever on the drum the spring tension 
increased 5 gm. 

The femoral artery, on the same side as the musele being used, was exposed for intra- 
arterial injection. In some e.xperiments injections were also made into the external jugular 
vein. When a eonstant slow rate of injection was indicated an injection machine operated 
by a synchronous motor was employed. In all cases except those of Intocostrin and d- 
tubocurarine, the drugs were dissolved in 0.9 per cent sodium chloride solution the concen- 
tration being 10 mgm. of the drug in each cc. of the solution. 

Results. Due to the fact that Parpanit in large doses given intravenously 
lowers the blood pressure and this in itself would tend to decrease the height of 
muscular contraction (11), only a few experiments were performed using this 
route of administration. 

In cats, 3 mgm./kgm. were given intravenously once and 5 mgm./kgm. twice. 
Following each injection a small increase in the height of the muscular con- 
tractions occurred. In dogs only two intravenous injections of Parpanit (10 
mgm./kgm.) were made and in these a definite increase in the force of the con- 
tractions of the tibialis aniicus muscle was noted. 

Best results were obtained with intra-arterial injections of the drugs. Twelve 
such injections of Parpanit (1, 1 mgm.; 3, 3 mgm.; 2, 5 mgm.; 5, 10 mgm.; 1, 
20 mgm.) were made in four cats and sixty-six similar injections (1, 0.5 mgm.; 

- The nomenclature employed is that of Reighard and Jennings, The Anatomy of the Cat, 
New York ,1901. 
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:seconds and after recovery from this depresJon the contractions are no higher 
than they were before the injection of the drug. 

Intocostrin and d*tubocurarine were administered in the artery supplying the 
muscle 28 times (one each 0.05, 0.02, 0.1, 0.2 units; 3, 0.3; 3, 0.5; 12, 1; 3, 3; 1, 
5; 2, 10 units) in 12 dogs. In these a deoiaase in the height of muscular contrac- 
tions was noted only in those muscles in which the nerves were initially active. 
In all instances the recover^' of the muscle from curare was very slow, the height 
of the muscular contractions rarely returning to their original value and never 
exceeding the control level. No changes in the height of muscular contraction 
were noted after the intra-arterial injections of either Intocostrin or d-tubocur- 
arinc in denervated muscles (muscles to wliich the nerves had been cut 5 to 10 
days) a response which is quite different fiom that obtained following similar 
injections of Parpanit, Trasentine and Syntropan. 



Fig. 5. Dor $ 10 kgm under urethane anesthesia.^ Top record is that of tho anterior 
tibial muscle contracting 120 times a minute and below it tho time in intervals of 20 seconds. 
At 12, 10 mgm. of atropine sulfate were injected intra-arterially. 

Denervated Muscles. To determine if Parpanit and Trasentine depress the 
■neuro-muscular mechanism as do Intocostrin and d-tubocurarine or if they act 
•directly on the muscle substance experiments were performed on muscles to 
which the nerves had been cut 5 to 10 days previously and also on some muscles 
in which the nerves were paralyzed by intra-arterial injections of Intocostrin, 
None of these muscles responded to nerve excitation. 

Atrophy by disuse of the muscle appears to have a decided effect upon the 
•excitability of the muscle and upon its responsiveness to Parpanit and Trasentine. 
In those animals in which the nerve to the muscle had been cut 9 to 10 days 
either strong currents (250 volts) or strong induction shocks were necessary to 
excite the muscle and the contractions were extremely weak. Although dilata- 
tion of the blood vessels in the muscle occurred, nevertheless increases in the 
height of the contractions of the muscle were difficult to obtain with the use of 
Parpanit. Depression of the muscle was usually seen. In those animals in 
which the nerve had been cut 5 days, doses of Parpanit which would ordinarily 
depress normal muscle still caused an increase in the height of the contractions 



18 


GRUBER, KRAATZ, GRUBER AND COPELAND 


(see figure 6). In this experiment 80 mgm. of Parpanit were injected intra- 
arterially rapidly at 7. The usual increase in the height of the contractions 
occurred but a slight temporary depression may also be seen. In this animal 
which was quite large (14.5 kgm.) 1 mgm. of Parpanit similarly injected had no 
effect, however, 3, 10, 20 and two 40 mgm. injections caused only increases in the 
muscular activity. The results as a whole with the denervated muscles were 
similar to those obtained with normal muscles. That these muscles were prob- 
ably completely denervated was shown by the fact that the intra-arterial injec- 
tions of Intocostrin in doses of 1 to 10 units had no effect upon the activity of the 
muscle, although Intocostrin, like Parpanit, caused an increase in blood flow from 
the femoral vein. 

Parpanit was injected intra-arterially ten times (2, 10 mgm.; 8, 20 mgm.) and 
Trasentine once (20 mgm.) in four dogs following intra-arterial injections of 
Intocostrin. In these an increase in the height of the contractions of the muscle 
was seen in four cases; a temporarj^ decrease followed bj’- an increase in two; and a 
decrease in three. The lone injection of Trasentine produced a temporary 
decrease in muscular activitjq followed by a prolonged increase in the height of 
the contractions. These results confii-m our results on denervated muscles- 
(nerves degenerated) and those in which the nerve was active and stimulated 
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Fig. 6. Dote o' 14,5 kgm. under urethane anesthesia. The sciatic nerve to the muscle 
was cut 5 days before this experiment was done. The muscle failed to respond to strong 
nerve stimulation. Top i-ecord is that of the contractions of the denervated muscle stim- 
ulated directly (250 volts) CO times a minute and below it the time in intervals of 20 seconds. 
At 7, SO mgm of Parpanit were injected intra-arterially. 

Blood Flow. Since Domenjoz (5) observed dilatation of the vessels in the 
rabbit’s ear after the administration of Parpanit, and He 3 mians and De Vleesch- 
houwer (3) noted peripheral vasodilatation of the e-xtremity bj’^ the two man- 
ometer method we believed it important to determine whether Parpanit causes 
dilatation of the blood vessels in the skeletal muscle from which we were record- 
ing, and if so, whether this could account for the marked improvement in the 
activity of the muscle following intravenous and intra-arterial administrations. 

In these expel iments the changes in blood pressure were registered from the right carotid 
artery by means of a mercury manometer using heparin in the system as the anticoagulant. 

glass cannula was placed in the femoral vein, all the branches to which were tied off except 
the deep anterior tibial vein which comes from the tibialis anticus muscle and the other 
muscles of that region. The cutaneous vessels to the'limb were fairly well controlled by 
the thongs drawn tightly around the foot for fixing the leg. In order to maintain a fairly 
constant blond pressure level in these experiments the blood as it left the muscle was re- 
injected into the animal through a cannula placed in the right e.xternal jugular vein. Co- 
agulation of the blood was prevented bv giving the animal heparin 15 mgm. /kgm. intrave- 
nously and rei)cating as needed. The blood flowing from the muscles was measured in 10 
cc. volume.s and these units were recorded on the drum surface with a signal magnet. 
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Twenty-three injections of Pnrpanit (1, O.G mgra.; 10, 3 mgm.; 4, 0 mgm.; 8, 
10 mgm.) were made in five dogs. The results were so uniform tliat work on 
additional animals was thought unnecessary. With the o.\ception of the smallest 
dose, in every instance the volume of the blood leaving the femoral vein was 
approximately double the flow before tlie injection. The results were the same 
whether the activity of the muscle was increased or decreased by the dnig. 
Figure 2 is such a record. At 2, 3 mgm. of Parpanit were injected into the 
femoral artery supplj'ing the muscle. The contractions of the muscle increased 
33 per cent in height but the volume of blood leaving the femoral vein increased 
120 per cent, i.o., the volume increased from 20 cc. per minute to 50 cc. per minute 
immediately after the injection. 

Three intra-arterial injections of Trasentine were made and the results were the 
same as those produced by Parpanit. 

Discussion. Our results suggest that the depression of decerebrate rigidity 
and of spinal reflo.xes by Parpanit, Trasentine and Syntropan is a central effect. 
The concentrations needed to reduce the contractions of skeletal muscle arc far 
greater than those needed to depress the rcflaxcs and relieve decerebrate rigidity. 
Moreover, doses which produce these effects are cither stimulating or without 
action on the artifieially stimulated muscle. 

The increase in the height of muscular contraction following the injection of 
Parpanit, Trasentine and Syntropan is probably independent of the increase in 
blood flow. Gruber (10) demonstrated a two- to three-fold increase In the blood 
flow through the anterior tibial muscle of cats following the cutting of its nerve. 
Moreover, in these experiments since the muscle was made to work by stimulating 
its nerve rhythmically thus increasing its blood supply it appears to us th.at the 
rate of blood flow through the muscle was already adequate to supply the neces- 
sary oxygen and food and remove all metabolites before the injection of the drug. 
In these animals, atropine and sodium nitrite were injected intra-arterially pro- 
ducing marked increases in the blood flow through the muscle without causing a 
change in the height of the muscular contractions. Furthermore, small and 
large doses of Intocostrin caused marked dilatation followed by constriction of 
the blood vessels in skeletal muscle yet no increase in the muscular activity was 
ever observed. In the light of studies by Lchner and Lanini (7) wo believe the 
increase in the height of the muscular contractions to be a direct elTect of these 
drags on skeletal muscle cells, i.e., an increased cellular metabolism occurring 
with the increased muscular activity and a decrease in the cellular metabolism 
with the decrease in the height of the contractions. Tliat this action is not on 
the neuro-muscular junction is demonstrated by the fact that both increased and 
decreased height of muscular contractions occur in denervated muscles following 
the intra-arterial injection of Parpanit. 

CONCLUSIONS 

1. Parpanit, Trasentine and Syntropan, injected intravenously in adequate 
doses, relieve the muscular rigidity of decerebrated cats. For this purpose these 
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drugs were found to be superior to either atropine sulfate or scopolanaine hydro- 
bromide. 

2. The reflexes caused by stimulation of the back and paws in the spinal cat 
can be depressed by adequate doses of Parpanit, Trasentine and Syntropan given 
intravenously. 

3. The height of the contractions of the anterior tibial muscle is increased with 
the intravenous injections of Parpanit. 

4. The intra-arterial injections of Parpanit, Trasentine and Syntropan increase 
the height of the contractions of the anterior tibial muscle when their doses are 
small and rapidly injected and when their doses are large and slowly injected. 
Large doses rapidly injected cause a decrease in the activity of the muscle pre- 
ceded and followed by increases above the height of the control. Atropine 
sulfate, Intocostrin and d-tubocurarine when injected intra-arterially decrease 
muscular activity but this decrease is never followed by an increased action of the 
muscle. 

5. Parpanit, Trasentine, Syntropan, atropine sulfate, and Intocostrin cause 
vaso-dilatation of the blood vessels in skeletal muscle when injected intra-arteri- 
ally. 

6. The increased and decreased muscular activity following injections of 
Parpanit and Trasentine are probably direct effects of these drugs on the muscle 
cells, independent of the increase in blood flow, increasing cellular metabolism in 
some instances (small doses) and temporarily decreasing cellular metabolism in 
others (large doses). 

7. The depressant effect of Parpanit is not on the neuromuscular junction as 
is that of Intocostrin and d-tubocurarine. 
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Recent investigations have demonstrated that following the acute administra- 
tion of two dihydrogenated alkaloids of ergot, dihydroergocomine’ (DHO) and 
dihydroergokyrptine’ (DHIC), there may be a significant fall in blood pressure 
and slowing of the pulse rate in certain hypertensive patients (1, 2). The reduc- 
tion in arterial pressure is aecompanied by postural hypotension, ns well as by 
inhibition of eertain sympathetic vasoconstrictor reflexes. Other drugs, such as 
dibenamine (3), and tetraethylammonium ion (4, 6), as well as certain proce- 
dures, including spinal (6) or caudal anesthesia (7) also have been shown to reduce 
blood pressure and inhibit sympathetic vasopressor responses. However, since 
such agents must be given by injection they are not practical for prolonged 
administration. Because in acute experiments the dihydrogenated alkaloids of 
ergot were found to be effective orally in 6ub-to.xio doses (1,2,0), they appeared 
practicable for long continued clmical trial in hypertensive patients. 

Preliminary experience with DHO indicated that the hypotensive action of the 
drug was seldom as marked after chronic oral administration as after acute 
intravenous or oral administration. The arterial pressure returned to, or toward 
the original levels presumably because of one, or both, of two effects: (1) the 
development of tolerance to the drug; or (2) the activation of other mechanisms, 
humoral or neurogenic, capable of restoring the arterial pressure to higher levels. 
That tolerance to ergot alkaloids may develop in animals has been suggested by 
others (8-11). The present study therefore, was undertaken to determine the 
nature of the tolerance that apparently develops after continued oral administra- 
tion of the drug. 

Methods. In order to dctenrunc the development of tolerance the general plan of study 
was to compare the hemodynamic effects of intravenously administered DHO both before 
and after the chronic oral administration of the drug. It was reasoned that if tolerance 
developed during chronic administration the second intravenous dose of DHO would fail 
to reproduce the hemodynamic eiTects of the initial dose. Particular emphasis was placed 
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* Hereinafter dihydroergocornine will be referred to as DIIO and dihydroergokryptine 
as DHK. 
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upon the changes observed in the arterial pressure, heart rate, and sympathetic vasomotor 
reflexes. 

Five patients with essential hypertension who could be studied at frequent intervals as 
out-patients were selected and given oral DHO in doses of 4 to 12 mgm. a day for periods 
ranging from 8 to 114 days. After establishing the pattern of an untreated patient’s re- 
sponse to his first intravenous dose of DHO, he was placed on continued oral medication 
with the drug. Following 3 to 15 weeks of such treatment he was given both DHO and DHK 
in separate intravenous doses and the results compared to the intravenous response prior 
to oral administration. Throughout the periods of observation 4 patients had no associated 
treatment, while one, J. Me., received Veratrum viride and digitalis in conjunction with 
the oral DHO. 

To establish the fact that tolerance would not develop after single repeated intravenous 
doses of DHO, 2 patients were given identical injections of DHO intravenously on 2separate 
occasions at intervals of 4 days and 4 weeks, respectively. In both cases there were essen- 
tially similar hypotensive responses on the 2 occasions. Furthermore, in 3 cases oral DHO 
was withdrawn for 3 to 4 weeks after tolerance had been established and intravenous DHO 
administered at that time again resulted in hypotensive and hemodynamic responses sim- 
ilar to those noted on the initial test dose before oral medication. 

Unless otherwise stated the arterial pressure was recorded 5 or more times with a cuff 
and mercury manometer, after the patient had been resting in bed comfortably for a mini- 
mum of 15 minutes. Arterial pressure in the erect position was measured in the same man- 
ner after the patient had been standing for 1 minute. Repeated observations of supine and 
erect arterial pressure and heart rate were made at 3- to 10-minute intervals for a minimum 
of 60 minutes following an Intravenous injection of a drug. In 2 cases arterial pressure and 
heart rate were recorded with a Hamilton manometer (12). 

Assessment of sympathetic v.asopressor activity was evaluated in three ways : 1. 'By the 
Valsalva maneuver as described by Wilkins and Culbertson (13). In 2 cases, the response 
was measured with a Hamilton manometer. In the 3 remaining cases the Valsalva response 
was estimated with a pneumatic arm cuff. The systolic overshoot was determined by in- 
structing the patient to blow against a fi.xed pressure several times. Immediately upon 
cessation of forced expiration, the pressure in the cuff was raised by increments of 10 mm. 
Hg above the basal systolic levels until the peak of the overshoot was determined. Since 
the vasopressor overshoot following the Valsalva maneuver may be blocked either by 
surgical sympathectomy (13), or by sympatholytic agents (14), a measure of the degree of 
sj-mpathetic blockade may be calculated and expressed in per cent for comparative pur- 
poses. 

2. Bj'the degree of postural hypotension (15). To express the degree of postural hypo- 
tension, the’mean arterial blood pressure (one-half the sum of the systolic plus the diastolic) 
was calculated for both the supine and upright positions. The difference of the mean 
values, in per cent, was determined as an expression of the blood pressure response to or- 
thostasis. The values were again determined at the height of the hypotensive reaction to 
the intravenous administration of the DH-alkaloid. The algebraic sum of the pre- and 
post-drug percentile responses to orthostasis was used as a measure of the sympatholytic 
action of the drug. 

3. By the cold pressor response. Although this response may be a less reliable measure- 
ment of sympathetic nervous reactivity, it has been shown usually to be inhibited by the 
DH-alkaloids (2),as well as by othersympatholytio agents (3, 16). The test as described by 
Hines and Brown (17), was modified in that the highest blood pressure reading obtained 
during immersion of the hand in ice water for 1 minute was designated as the cold pressor 
response. 

Results. T/te Development of Tolerance to DHO. 1. Blood Pressure and 
Heart Rale. Before beginning chronic oral medication the 5 patients had reduc- 
tions in arterial pressure after their initial doses of 0.25 mgm. of DHO intra- 
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venoRsly ^^hich varied Irom —8 to —12 per cent m 4 patients and —25 per cent 
in 1. The mean pulse rate also decreased, averaging —23 pei cent in 3 cases and 
— 10 per cent in 2 cases (figure 1) 

In contrast after a period of continued oral medication with DHO the same dose 
of drug administered intravenously cvliibitcd little effect upon arterial piessure. 
Only negligible changes of +2 to —3 pei cent occuircd tlicieby indicating that 
tolerance to the drug had developed IIoiicvci, despite this appaient loss of 
hypotensive aetion, DHO intiavcnoiisly caused leductions of lieait late langing 
from — S to —17 pei cent in all cases (figuie 1) 

PERCENT CHANGE 
MEAN 

ARTERIAL PRESSURE 
mm Ho 
SUPINE 


PERCENT CHANGE “ 
MEAN 

PULSE RATE 
SUPINE 


CASE 
K M 

^ 0 25 mo INTRAVENOUS OHO BEFORE CHRONIC ORAL ADMINISTRATION 

I — j 0 25 m9 INTRAVENOUS OHO AFTER CHRONIC ORAL ADMINISTRATION 

M 0 25 mg INTRAVENOUS OHK AFTER CHRONIC ORAL ADMINISTRATION 

Fio 1 Graphic representation of the comparative reductions m blood pressure and 
pulse rate after intravenously adminiatered DH-alKaloids m 5 hypertensive patients before 
and after chronic oral administration of DHO 

2. Sympathetic Vasoconstrictor Reflexes, a. The Vahalva Test. Prior to oral 
administration of DHO, the vasopressor overshoots following the Valsalva 
maneuver which in control tests ranged from 10 to 28 per cent were reduced by 
intravenous injection of 0.25 mgm. of the drug to complete abolition in 3 of 4 
cases tested and from 21 to 7 per cent in 1 case. In contrast, the overshoot 
response returned almost completely in 3 cases, partially in 1 and remained 
blocked in 1 case during continued oral administration. At that time the same 
dose of DHO intravenously produced less inhibition of the overshoots than it 
had initially ranging from 7 to 12 per cent in 4 cases (table I, figure 2). In the 





TABLE I 

1 hf effect of %ntra\enoits DH alkaloids on sympathetic lasoprcssor oiersHoots following the Valsalia maneuver hefoie and after chrome oral administration of dthydrccrgocorntnc 
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•Ct text 

t Hamilton recordings of arterial pressure 
t Sphygmomanometrio recordings of sjstohc irtcrnl pressure 
# Associated treatment, Vemtriim \inde and digitoxm 
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remaining case, .1 Ale , nliose treatment included Veiatrum ^ iride plus digitoxm, 
tlie o\ci shoot leinamod blocked and as a consequence theie could bo no further 
inhibition aftei mtiavcnous DIIO at that time It should bo noted, hoivever. 
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no significant postural elfect. However, during the period of continued oral 
medication ■with DHO, the orthostatic hypotension disappeared and failed to 
reappear after the same intravenous dose which had induced significant postural 
changes prior to oral administration (table II) . These results indicated that -with 
the apparent loss of supine hypotensive effect of DHO during chronic oral 
administration there was also loss of the orthostatic action of the drug when 
given intravenously at that time. 

c. The Cold Pressor Test. Prior to continued oral medication the intravenous 
injection of 0.25 mgm. of DHO reduced the vasopressor responses to the cold 
pressor test from an average of 19 per cent (range 12 to 29 per cent) to an average 
of 11 per cent (range 8 to 14 per cent) in 3 of the 4 cases tested and completelj’’ 
abolished the pressor response in the remaining case (table III). During chronic 
oral administration this response returned completel}’’ in 4 of the o cases. In case 
F. A., there was return of the pressor responses to cold which was noted visually 
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otlier DH- alkaloids, intravenous DHK was administered in doses of 0.25 mgm. 
when tolerance to DHO apparently had developed. After the injection of DHI^ 
at that time there was significant lowering of the supine blood pressure in all 
cases ranging from —4 to —31 per cent (figure 1). As had been observed with 
DHO, slowing of the pulse rate occurred in all cases ranging from —15 to —41 
per cent (figure 1). 

Despite this reduction in arterial pressure after intravenous DHK, the pressor 
responses to the Valsalva maneuver and the cold test were not blocked (table I 
and III, figure 2), although there was significant orthostatic h 3 T)otension in all 
cases ranging from —8 to —19 per cent (table 11). 

Discussion. These studies demonstrated that following continued oral 
administration of DHO a tolerance developed so that an intravenous injection 
of the alkaloid failed to produce as great a hypotensive effect as the same dose 
given prior to oral administration. Since, in addition, postural hypotension 
disappeared while the sympathetic vasopressor responses to such stimuli as the 
Valsalva maneuver and the cold pressor test returned, it seemed evident the 
tolerance to oral DHO included the sympatholjdic as w'ell as the hypotensive 
effects of the drug. 

The moderate to marked reduction in supine arterial pressure and the reap- 
pearance of postural hypotension after intravenous injection of DHK was surpris- 
ing in view of the fact that at this time the di’ug apparently did not produce 
sympatholytic effects as determined by the Valsalva maneuver and the cold 
pressor test; and suggested that vasodilatation occurred via some mechanism 
other than inhibition of sympathetic vasoconstriction. A possible explanation 
for this discrepancy may lie in the fact that the ergot alkaloids have varied sites 
of action, which include peripheral sympatholytic and adrenolytic actions as 
well as central points of attack (18, 19). Under such circumstances it is con- 
ceivable that tolerance to the sympatholytic effect extended to all the DH- 
alkaloids. However, tolerance at the other sites of action may not have in- 
cluded both DH- alkaloids, but indeed, may have been limited to each specific 
alkaloid. This would imply that the fall in supine pressure and postural hypo- 
tension after intravenous DHK was not due primarily to the sympatholytic 
effects of the drug but to some other action resulting from possible central, or 
peripheral, non-specific vasodilating properties, the exact nature of which is 
obscure. 

Thi’oughout the entire study persistent slowing of the pulse rate was observed 
whenever intravenous DHO, or DHIC was injected, suggesting that chronic oral 
administration did not lead to the development of tolerance to this response. 
Since tolerance had developed to peripheral sympathetic vasopressor activity, 
the bradycardia occurring at this time seemed more likely due to a central effect 
upon the cardioinhibitor center, rather than to inhibition of the sympathetic 
cardioaccelerator nerve endings. 

Bluntsclili and Goetz concluded from their studies that small doses of DHO 
intravenously were depressor, but doses of 0.5 mgm. or lugher were frequently 
pressor (1) . Thus, it is conceivable that the apparent loss of hypotensive activity 
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following chronic oral administration could be explained as a cumulative effect 
leading to pressor action of the drug. However, even in relatively high oral 
doses, up to 12 mgm. a day, no hyperlcnshc activity appeared. In addition, we 
have never obseiwed that small doses have grc.ater hypotensive effect than large 
doses, unless the latter produced disturbing side reactions such ns nausea and 
vomiting. Finally, after chronic oral .administration, intravenous doses of 0.25 
mgm. DIIO plus 0.25 mgm. DHIC vrithin one-half hour of each other produced 
no rise in blood pressure. These results mitigated against the idea that cumula- 
tion of the drug produced the observed loss of hypotensive activity. 

BUMMAllV AND CONCLUSIONS 

When the same dose (0.25 mgm.) of DHO was administered intravenously 
before and after continued oral medication with the drug to 5 hypertensive 
patients, the following obson’ntions were made: 

1. After continued oral medication with DHO, the intravenous injection of 
this dnig no longer produced a significant hypotensive response. 

2. Prior to continued oral administration significant inhibition of reflex sympa- 
thetic vasoconstriction, as determined by the responses following the Valsalva 
maneuver, cold pressor test, or the development of postural hypotension followed 
the intravenous administration of DHO. However, during continued oral 
administration of the dnig the sympathetic vasoconstrictor reflexes returned and 
seldom were significantly inliibited by subsequent intravenous DHO. Thus, 
in addition to the loss of hypotensive activity, a partial to complete tolerance to 
the sympatholytic effects of DHO apparently had developed. 

3. After the development ol tolerance to DIIO, the intravenous injeotion of 
DHK, a closely related compound, produced a reduction in arterial pressure, and 
postural hypotension, but failed to cause significant inhibition of the Valsalva 
or cold pressor responses. 

4. During chronic oral medication with DHO the intravenous administration 
of either DHO or DHK resulted in a reduction in hc.art rate similar to that ob- 
served initially. 

5. It is suggested that the DH- alkaloids have varied sites of action and that 
tolerance did not extend to all of the pharmacologic properties of these drugs. 

The authors are indebte'd to Dr. Robert W. Wilkins for helpful advice and 
criticism. 
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The development of tolerance to analgesic action is one of the disadvantages 
of the repeated use of opiates in the treatment of chronic pain. This makes it 
necessary to increase the dose which in turn increases the degree of tolerance 
thereby setting up a vicious cycle. Tolerance has been defined by Himmels- 
bach (1) as “the gradual decrease in the effect produced by repeated administra- 
tion of a drug; or, conversely, a gradual increase in the dosage of the drug neces- 
sary to produce the same effect ns did the initial dose.” Most investigators be- 
lieve that tolerance is intimately .associated with the addiction liability of a 
drug. The development of tolerance to morphine has been investigated in 
several species of animals and this subject has been comprehensively reviewed 
by Erueger, Eddy, and Sumwalt (2). The criterion of the development of 
tolerance to morphine in most animal e.\perimcnts has been the disappearance 
of the narcotic effect whcre.as in clinical practice the decrease in analgesic effect 
is more important. It has been demonstrated that tolerance to the various 
actions of morphine develops at different rates and to different degrees. 

It has been the goal of the chemists to synthesize a potent analgesic that docs 
not have the disadvantages of morphine. In recent years several new analgesics 
have appeared. It is of considerable importance that the development of 
tolerance to their analgesic action be determined. Andrews (3) has reported 
that in patients, previously addicted to morphine, tolerance develops to the 
pain threshold raising effects of meperidine (Demerol). By measuring the 
duration of analgesia, Scott cl al. (4) found that tolerance develops to this action 
of methadone in rats. Isbell cl al. (5) reported tliat tolerance develops to 
methadone in mice, dogs and man. By using a radiant thermal stimulus, we 
have been able to determine the degree of analgesia and the rate of tolerance 
development in rats to the daily administration of several compounds chemically 
related to Demerol or methadone. These results are compared ■nith those ob- 
tained with morphine. 

Methods. Analgesic activity in male albino rats was determined by the Ercoti and 
Lewis (6) modification of the radiant thermal stimulas method of D’Amour and Smith (7) 
which measures the reaetion time of the animal when subjected to a constant painful 
stimulus. 

We have found that the degree of analgesia ean he considered complete when the reaetion 
time of an animal has been increased more than 100 per cent over the time obtained before 


^ This work is part of an investigation carried out under the supervision of Dr. M. H. 
Scevers and submitted in a dissertation to the Graduate School of the University of Michi- 
gan in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 
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medication. Therefore, for purposes of calculation, the increase in reaction time has been 
calculated as per cent analgesia, the animals not giving a finite reaction time being assigned 
a value of 100 per cent. 

The compounds investigated were morphine sulfate (10 mgm. per kgm. per day), WIN 
642-4, Z-methadone hydrochloride (2 mgm. per kgm. per day), WIN 1783-2, Z-isomethadone 
hydrochloride (3 mgm. per kgm. per day), WIN 1539, l-methyl-4-(3-hydroxyphenyl)-4- 
piperidylethyl ketone hydrochloride (3 mgm. per kgm. per day) and WIN 1161-2, Z-ethyl 
1, 1-diphenyl -3-dimethylaminobutyl sulfone hydrochloride (3 mgm. per kgm. per day). 
Studies on the analgesic activity of these compounds have been published elsewhere (8-13). 
The dose of each compound was selected so that the value for the average initial analgesic 
reaction was between 90 and 100 per cent. Data from a group of 20 rats were obtained for 
each compound. These rats were given daily subcutaneous injections and their analgesic 
reactions and body weights determined at weekly intervals. 

The administration of the drugs was discontinued at the end of six weeks. At this time, 
each group was subdivided into three smaller groups. On the second, fourth and seventh 
days following withdrawal one of these smaller groups was again tested for the analgesic 
response. On the second and third week after withdrawal the whole group on each com- 
pound was again tested for the analgesic response. The groups were divided in this manner 
so that the time interval between the test doses of the compound for any one animal would 
be large enough to have as little influence as possible on tolerance. We had previously 
determined that no tolerance develops when the doses are given at weekly intervals. 

Results. The results of the analgesic determinations are given in figures 
1 and 2. Daily administration of these compounds leads to a progressive decrease 
in the degree of analgesia produced. There is some difference among the com- 
pounds, however, vith regard to the degree and rate of development of toler- 
ance. Tolerance developed most rapidly to 1161-2. The analgesic re- 
sponse to this compound was 40 per cent of its initial value within 2 weeks and it 
remained at this low level until the sixth week when administration was dis- 
continued. The least amount of tolerance developed to WIN 1783-2. At 
the end of the first week, the response wns 85 per cent of its initial value and 
changed little after this time so that it was still approximately 80 per cent at 
the end of 6 weeks. The development of tolerance to all the other compounds 
was quite similar and at the end of 6 weeks of daily administration the analgesic 
response was found to be only about 40 per cent of the initial value. 

It is interesting to note that there was no significant change in the pre-injection 
reaction time of the animals during the course of the experiment. 

Figure 2 shows the time-action cuiA'es for the compounds. These indicate 
that morphine has a greater duration of action than the other compounds. The 
maximum effect of morphine is reached at 60 minutes follovdng injection 
whereas the peak effect of the other compounds is obtained at 30 minutes. 
As tolerance develops there is a decrease in duration of action that is probably 
related to the decrease in ma.ximum effect. 

In addition to the decrease in the analgesic response that results from daily 
administration of these drugs, there were definite changes in the side-effects. 
The characteristic side-effects obsen^ed with all the compounds, except morphine, 
vdth the doses used here are: slight catalepsy, absence of corneal and wink 
reflexes and exophthalmos. The rats recei\dhg morphine showed a slight de- 
pression. After the animals had been medicated for 1 week, the most charac- 
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tcnstic ‘'kIc effects \\cic nor\ ousness and excitability ^\lllch made their handling 
more diflicult Uie depression caused b> morphine disappeared after 3 McelvS 
of idmimstration ind as replaced by excitation These effects -n ere observed 
after each dailj injection and continued for tlie duration of the experiment The 



Fig 1 Effect of Daili Administration on the Action op Soifs 
Analgesic Compounds 

excitation occurred Mithin about 30 minutes after injection and lasted for about 
2 hours 

The rates of recovery from the tolerance after withdrawal of these compounds 
are given in figure 1 The fact that smaller numbers of animals were used for 
the first 3 tests after withdrawal probably accounts for part of the \anations 
observed m some of these responses At the end of 3 weeks after wnthdrawal, 
none of the group had recovered its original analgesic i espouse, although there 
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were observed differences in the degree of recovery with the various compounds. 
WIN 1783-2, which showed the least amount of tolerance, gave 90 per cent of 
the initial response at the end of 3 weeks after withdrawal. Of the compounds 
developing the gi'eatest degree of tolerance, the most rapid recovery was observed 
■with morphine and WIN 642-2, these gi'ving responses of 90 and 82 per cent of 
the normals, respectively, at the end of 3 weeks after discontinuance of medica- 
tion. Compounds WIN 1539 and WIN 1161-2 showed the least recovery for 



WIN 642-4 (20 tnj/lj) WIN II6I-2' (10 mjAg) 



Morphine (10 mj/kg) WIN 1783-2 (30 mg/kg) WIN 1539 (30 ing/lg) 

Fig. 2. Tijie-Action Cubves of Analgesics during Development op Tolerance. 
Numbers in parentheses indicate week of determination (0 = initial) 


3 weeks after -withdrawal. WIN 1161-2 gave a response of about 62 per cent of 
normal and WIN 1539 about 57 per cent. 

After vdthdrawal of the drugs, the animals were observed for possible ab- 
stinence symptoms. No sjanptoms were observed at 24 hours, but at 48 hours 
after tvithdrawal the animals exhibited a marked degree of excitation as etd- 
denced by increased actmty, fighting and biting one another and by che-wing 
on the wires of the cages. This excitation corresponded to that which was ob- 
•sen-ed following the daily injection of the compound during the test period. 
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At 96 hours there rvas still some excitation present hut it uas less than that 
observed at 48 hours This excitation was increased after the injection of the 
drugs dunng the withdrawal penod Two weeks after withdrawal, the group 
receiving morphine still de\ eloped a marked degree of excitation following in- 
jection A slight excitation was observed in animals receiving WIN 1539 
and WIN 1161-2 With WIN 642-4 and WTN 1783-2, slight catalepsj, ab- 
sence of corneal reflex, exophthalmos and only a very slight excitability was 
observed Essentially the same effects were observed 3 weeks followang with- 
drawal 
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In order to determine whether or not cross tolerance had developed between 
WIN 1539 and morphine, 10 of the animals which were tolerant to the action of 
WIN 1539 22 days following withdrawal were given 10 mgm pet kgm of mor- 
phine There was an indication that htOe or no cross tolerance had developed 
from WIN 1539 to morphine The cross tolerance from morphine to WIN 
1539 was not determmed 

The percentage gains in w eight are given in figure 3 There was a decreased 
rate of growth in all groups receiving daily drug injections Although it was 
not measured m this experiment, we bcliex o this is due in part to a decreased con- 
sumption of food Hoppe (14) found a decreased food consumption with rats 
in a subacute toxicity study of methadone Even after withdrawal of the drug 
there was no appreciable change in the rate of growth Morphine caused the 
greatest and WIN 1639 the least depression of growth 
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Discussion. Scott el al. (4) and Isbell el al. (5) have reported the develop- 
ment of tolerance to the analgesic action of methadone, one of the newer syn- 
thetic analgesic drugs described by Kleiderer cl al. (8). We have determined 
the effect of the daily administration to rats of 3 compounds in the methadone 
series and one related to Demerol. WTiereas Scott found a decrease in the dura- 
tion of analgesia produced by methadone following repeated administration in 
rats, Isbell found that the tolerance developed to the analgesic action of metha- 
done in mice was of the same degree as that produced by morphine but that 
there was no material change in the duration of action. The results we have 
obtained with J-metbadone were very similar to morphine, both in the degree of 
tolerance developed and in the decrease of the duration of action. 

The tolerance developed to the action of J-isomethadone is significantly less 
than that of f-methadone. This mai'ked difference between the 2 compounds is 
particularly interesting in view of the report by Isbell and Eisenman (15) on the 
addiction liabilities of Z-methadone and isomethadone. These workers found 
that larger doses of isomethadone than of i-metbadone were required to reduce 
tlie abstinence sjnnptoms of morphine and that isomethadone, in the doses used, 
was not an entirely adequate substitution for morphine in addicts, whereas 
Z-methadone was adequate. 

The most rapid development of tolerance was observed ivith the compound 
in which the ketone group of Z-methadone had been replaced by a sulfone group 
1161-2). 

We observed a marked change in the nature of the side-effects during the 
development of tolerance. After a week of daily administration of the compounds 
the animals showed a marked degree of excitation following each injection in- 
dicating the rapid development of tolerance to the depressant action. Joel 
and Ettinger (16) also observed in rats that during the development of tolerance 
to morphine the initial narcotic phase disappeared and excitation became prom- 
inent, Tatum, Seevers and Collins (17) reported that the excitation phase of 
morphine action masked the depressant phase in the tolerant state. The com- 
pounds tested in this experiment did not differ essentially from morphine in this 
respect. 

The only symptom seen following withdrawal of the compounds was a hyper- 
excitability which reached its maximum at 48 hours following withdrawal and 
then became progressively less. We did not see the increase in pre-injection 
hyperirritability during the daily administration of the compounds that Himmels- 
bach, Gerlach and Stanton (1) found in rats receiving morphine and which they 
interpreted as eiidence of addiction. 

SUMMARl' 

1. Wo have demonstrated the development of tolerance in rats to the anal- 
gesic action of morphine and several new analgesic drugs by measuring the degree 
of analgesia to a standard radiant thermal stimulus. 

2. At the end of 6 weeks of daily subcutaneous administration of morphine 
(10 mgm. per kgm. per day), WIN 642-4, (2 mgm. per kgm. per day), WIN 



TOLERANXE TO KEW ANALGESICS 


37 


1539 (3 mgm. per kgm. per day), and WIN 1161-2 (3 mgm. per kgm. per day), 
the analgesic response was less than 50 per cent of the initial value. The response 
of WIN 1783-2 (3 mgm. per kgm. per day) at the same time was about 80 per 
cent of normal. • 

3. After discontinuance of the drugs, rats treated %Wth WIN 1539 and WIN 
1101-2 showed the least amount of recover^' from the tolerance. With the 
other compounds, responses of about 90 per cent of normal were obtained at 
3 weeks after withdrawal, 

4. There was a change in the character of the sidc-clTccts from depression to 
excitation foUouing drug injection during the development of tolerance. 

5. After withdrawal, the only symptom obser\»cd was hyperexcitability which 
reached its maximum in about 48 hours. 

G. The daily administration of these compounds caused a decreased rate of 
growth which was probably due to a decrease in food consumption. 

7. Of the compounds tested, Z-isomethadonc showed the least tendency to 
develop tolerance and to induce the addiction sjmdromc, as it is seen in rate. 

Acknowledgment. The authorwishes to express his sincere appreciation to 
Mr. John Frick and Miss Ora Hoeltzcl for their technical assistance in this work. 
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Iii 194S Swan and White (1) studied a series of choline esters ndth atropine-like 
properties. The dibutyl urethane of choline, and a closely related compound, 
the dibutyl urethane of dimethylethyl-j8-hydimyethyl ammonium sulfate, were 
selected for clinical trial as mydriatic and cycloplegic agents. In a pharmacologi- 
cal study of the actions of the latter compound (“Dibutoline”)) Peterson and 
Peterson (2) demonstrated blockade of the actions of acetylcholine and para- 
sjmrpathetic nerve stimulation on cholinergic effector organs, but stated that the 
drug possessed no “nicotinic paralyzing” action. Some of the characteristics of 
the cardiovascular responses to Dibutoline, however, suggested that blockade of 
autonomic ganglia was produced by the drug. In dogs anesthetized with pento- 
barbital Dibutoline caused a decrease of heart rate not affected by atropine or by 
vagotomy, and a fall of blood pressure limited in extent. Both are characteristic 
features of the cardiovascular actions of tetraethylammoniuro salts (3). The 
following experiments were planned to determine whether Dibutoline possesses 
ganglionic blocking activit}'' in addition to its atropine-like action. 

Methods. E.\'periments were performed on dogs and cats anesthetized with Diah or 
with thiopental and barbital. Arterial pressure was recorded with a mercury manometer 
in dogs and with a membrane manometer in cats. Femoral arterial blood flow was recorded 
with a simple diflerenti.al manometer (4). Contraction of the cat’s nictitating membrane 
was induced by pre- and post-ganglionic stimulation of the cervical sympathetic nerve. 
Pre- and post-ganglionic stimulation of cardiac sympathetic nerves was performed in one 
experiment, and heart rate was recorded by means of an electrocardiograph. Dibutoline’^ 
was used as a 1 per cent solution; all doses are in terms of the sulfate. 

Results. Arterial pressure and blood flow. The depressor and cardiodecel- 
erator actions of Dibutoline were compared with those of tetraethylammonium 
(T.E.A.) in 2 dogs. Intravenous injection of Dibutoline, like T.E.A., caused a 
fall of pressure and a decrease of heart rate accompanied by an increased blood 
flow in the femoral artery (fig. 1). Nearly maximal effects were obtained with 1 
mgm./kgm. of Dibutoline, as compared with about 1.5 mgm./kgm. of tetra- 
ethylammonium chloride*. Since agents which cause vasodilatation by a direct 
action on arteriolar smooth muscle usually diminish the femoral blood flow as the 
pressure falls, these effects of Dibutoline suggested a neurogenic mechanism. 
Intraarterial injection of Dibutoline, however, caused a slight but significant 
increase of blood flow; but intraarterial injection of a control solution of 0.25 per 

• Supported by a grant from the Life Insurance Medical Research Fund. 

- United States Public Health Service Fellow. 

’ Dial was supplied by the Ciba Laboratories, Dibutoline by Merck and Co., and tetra- 
ethylammonium chloride as “Etaraon" by Parke, Davis & Co. 

3S 



GANGLIONIC ACTIONS OF DIBUTOLINE 


39 


cent phenol (used as a piescnativc in the solution of Dibutolmc) caused com- 
parable flou changes, and it is probable that Dibutohnc itself has little or no 
direct Aasodilator activity Dibutohnc mjected mtiavcnously during the 
hypotension induced by continuous infusion of T C A caused no furthei fall in 



nQujQniiiBiQmgigggwim 

DIBUTOLINE TEA * DIBUTOLINE, 30MG 

I4MG IV 20 MG IV LTE A INFUSION J 


Flo 1 Dok, 14 3 Kgm , thiopcntil birbitnl inesthcsi'i Tr icings, top to bottom 
carotid artcrul pressuio (acxlc a right m mmllg), femoral artcrml blood flow (scale a 
right in cc /min J, signal, time m 10 see intcrMls Ml doses idministcred mtiavcnouslj 



NIC CAROTIDS ACH EPI . NIC CAROTIDS ACH EPI 

I6MG CLAMPED 10 MG Q02MC t I6MG CLAMPED lOMG QOZMG 

tDIBOTOLINC INFUSION . 


Fig 2 Dog, 16 Kgm , thiopental and baibital Tricmga from top to bottom reapira 
tion, arterial pressure (scale at right), signal, time Previous to first segment, atropme, 
0 5 mgm /kgm iSic = nicotine tartrate, Acli « acctjicliolme chloride, Fpi = epineph 
nne ludrochlonde Dibutohnc infusion, 20 mgm /kgm /hr following priming dose of 3 
mgm /kgm 


pressure, although the depiessor effect of an agent causing peiipheial vasodilata- 
tion by a direct action on the vessels should be potentiated by ganglionic blockade 
(5) 

'^Paralyzing mcolimc” action TEA pie\ents the piessoi effects of carotid 
occlusion and the pressor and hyperpneic responses to nicotine and large doses 
of acetylcholine, and, by eliminating compensatory lefleves, potentiates the 
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pressor action of epinephrine. Dibutoline was shoivn to duplicate these actions 
in the e.vperiment illustrated in figure 2. After the administration of atropine, 
0.5 mgra./kgm., control responses were obtained to epinephrine, carotid clamp- 
ing, nicotine (1,6 mgm.), and acetylcholine (10 mgm.). Dibutoline was injected 
in a priming dose of 3 mgm./kgm. followed by continuous infusion at a rate of 
20 mgm./kgm./hr. in order to maintain a completely blocking level of the drug. 
During the infusion, carotid clamping failed to elevate pressure; the pressor 
responses to epinephrine were potentiated, and the actions of nicotine and acetyl- 
choline were abolished (fig. 2). Two hours after the infusion was discontinued 
recovery had occurred, and all responses were restored nearlj’- to their original 
levels. 



PRE POST PRE POST 


CONTROL DIBUTOLINE 

Fig. 3. Cat, 2.3 Kgm., Di.-il anesthesia. Response ol nictitating membrane to brief 
periods of pre- and postganglionic stimulation of the cervical sjnnpathctic, before and after 
Dibutoline, 2 mgm./kgm. 


Blockade of sympathetic ganglia. In 2 cats under Dial anesthesia, pre- and 
post-ganglionic connections of the superior cendcal ganglion were exposed, and 
the nictitating membrane was attached to a recording lever. Contractions of the 
membrane were produced by brief periods of stimulation of the preganglionic and 
postganglionic fibers. Dibutoline in a dose of 5 mgm. abolished the effect of 
preganglionic, but not of postganglionic stimulation and did not alter the 
contractile response to 10 raicrogm. of epinephrine (fig. 3). 

In a dog anesthetized with thiopental and barbital, the chest was opened, the 
vagi were cut, and the preganglionic connections of both stellate ganglia were 
crushed as far from the ganglia as possible. Heart rate rvas recorded with the 
electrocardiograph during preganglionic and postganglionic stimulation of the 
accelerator nerv'es, Dibutoline, like T.E.A., blocked the effects of preganglionic, 
but not postganglionic, stimulation. 

Discussion. The experiments clearly demonstrate that Dibutoline possesses 
a ganglionic blocking action in addition to its atropine-like action. This activity 
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-explains the action of the drug on the heart rate of animals under barbiturate 
anesthesia, and accounts for most if not all of its depressor action The drug 
pre\ ents the pressor (i e , “nicotinic stimulating”) actions of nicotine and of 
acetylcholine It is likely that suppression of the ganglionic stimulating action 
of these agents is competitive in nature, i e , that larger doses of nicotine and 
acetylcholine ^\ould still have pro\oked pressor reactions This ^\as not tested 
Since the atropme-hke action of Dibutolme is demonstrable ivith doses much 
smaller than those necessary to block ganglia, it should certainly be possible to 
“unmask” the pressor action of acetvlchohne, as stated by Peterson and Petei- 
son (2), ^\lth doses uhich fail to abolish the pressor action of acetylcholine 
Because of the high doses of Dibutolme icquircd to block ganglia, as compared 
i\ith itb relatively potent atropine like activity, it is not likely that the actions 
dcmonsti ated m this study play any significant part m the human response to the 
drug when used clinically to pioducc mydriasis or iclixation of intestinal smooth 
muscle Only the highest doses leportcd m human subjects, about 30 mgm 
subcutaneously (C), v\ ould be expected to cause effects on ganglionic transmi'^sion 

SUMAUnX 

Dibutolme, in addition to its atiopine-hkc action, produces effects comparable 
with those of tetraethylammomum (1) fall of heart late and blood pressure with 
increased femoral blood flow , (2) abolition of the pressor response to carotid 
occlusion, (3) suppiession of the pressor actions of nicotine and acetylcholine, 
(4) potentiation of the pressor effects of epmephnne These actions were shown 
to be due to blockade of ganglionic tiansmission 
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The dieth 3 ’'laminoethyl ester of phenyl-cyclopentane-carboxylic acid, as the 
hydrochloride, “Parpanit”, has had extensive clinical trial in Europe in the 
treatment of Parldnsonism and similar disorders. Domenjoz (1) noted that 
Parpanit dilates the blood vessels in the isolated rabbit ear, and that large doses 
stimulate the central nervous sj'stem in rats. It antagonizes the effects of 
acetylcholine and of barium chloride on the rabbit intestine and of acetylcholine 
on rabbit and guinea pig utenis. He further observed a decrease in the blood 
pressure in rabbits, cats and dogs follomng the injection of Parpanit and an action 
on the frog nerve-muscle preparation analogous to that of curare. 

Heymans and de 'ineeschhouv’er (2) confirmed the hypotensive action of 
Parpanit in the dog and described the mechanism as a peripheral vasodilatation 
independent of the central ner\mus sj''stem. They found moderate doses of 
Parpanit to depress the inhibitory effects of the vagus nerve on the heart, and to 
evoke, after a verj'' brief tacbj-’cardia, a fairly marked bradycardia, despite the 
paralj’’sis of the A'agal reflexes. Larger doses were necessaty to block the cardio- 
inhibitoiy action of acetylcholine, although its hypotensive component was 
never eliminated ly anj’’ dosage. An intravenous dose of Parpanit caused im- 
mediate inhibition of respiration but this inhibition was followed by a long period 
of stimulation. Ityperperistalsis of the gut and spasm of the bronchi induced 
in dogs bv appropriate drugs could be reduced 1)3’' Parpanit. Voluntary muscle 
responses and neuromuscular conduction were unaffected by massive treatment 
with the drug, although fasciculation induced b 3 '’ diisopropyl fluorophosphate, 
nicotine or acet 3 dcholine was either depressed or suppressed. 

Charlier and Philippot (3), in experiments on human subjects, found that 
the inhalation of Parpanit vapors produced a marked dilatation of bronchial 
smooth muscle and relieved the dyspnea induced b 3 ' the inhalation of carbamin- 
O 3 dcholine. Lchner and Lanini (4) experimented with solutions of various 
strengths and noted a stimulation of the metabolism of rat muscle slices by 
Parpanit concentrations of 1 ; 100,000 with a gradual decrease in effect until at 
1:35,000 inhibition appeared and this depression increased as the concentra- 
tions rose. 

In view of the drag’s extensive use in Europe and the inauguration of clinical 
trials in this countiy, it was deemed important to extend the work of previous 

' This investigation was made possible through a grant by the Geigy Company, Inc. for 
research in science. 
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investigators in a thorough pharmacologic and toxicologic study of Parpanit, 
including a comparison wiih trascntme** and atropine 

Acute Toxicity The LDso’s vero determined using a minimum of 26 animals 
for each dose le\cl vith the exception of one group of intra\enously-injected 
mice vhicli numbered 17 The results ■were projected logarithmicall 3 " and the 
LDso’s derued as summarized in table 1 Tlie intia^enous injections i\ere made 
at a constant rate, the mice rccening 1 08 mgm of Paipanit per minute in 0 3 
per cent solution and the rabbits 18 4 mgm of the drug per minute in a 2 0 per 
cent solution As can be seen in the table the drug has a rclatn ely lou older of 
toxicity and is more toxic ^hen gi\en mtraxenously than i\hen administered 
intrapentoneall 3 ' The figures cited here for LDgo differ from the “aaerage 
lethal dose” of Domenjoz (1) foi intra\enousl 3 ' administered Parpanit m labbits 
of 12 mgm /kgm and in mice of 07 5 mgm Ae™ It is impossible to resolve the 
apparent disciepancies since the definition of the term and the data on animal 

TABLE 1 


Ac«/c loxtcily of Parpanit 


ATaUAL 

NO OF 
ANIMALS 

A\EeAC& nrtcnT and range 

ROUTE OF ADMTMSTRATIOV 

LDu 

MCU /ACM 

Rabbits 

73 

2 24 kgm 
(1 77-2 02 kgm ) 

Intravenous 

24 5 

Mice 

50 

20 gm ! 

(13-30 gm ) 

Intravenous 

45 1 

Mice 

90 

17 gm 
(14-23 gm ) 

Intrapcntoneal 

222 3 

Rats 

147 

13G gm 
(101-lCS gm ) 

Intrapcntoneal 

209 0 

Cats 

27 

2 73 kgm 
<1 9-4 2 kgm) 

Oral 

390 


ueight, concentration of solutions and rate of injections arc not a^alHble for 
Domenjoz’ determinations 

Large doses of Parpanit in mice, rats and labbits ga\e evidence of a marked 
stimulation of the cential nei\ ous sj stem In rats and mice toxic but sub lethal 
doses evoked progressively increasing generalized hjTieractiMtj, jumping, champ- 
ing of javs, rapid pawing vith the front legs A\hile sitting eiect on the hind legs, 
clonic convulsions, followed bj'- lethargy or coma "With increase in the dosage, 
conAailsions appealed lapidly with a minimal incidence of the lesser symptoms 
and vcie folloi^cd by coma, vath icspnatoiy difficulties and sometimes death 
During reco^ ei^- from coma convulsne movements often appeared Intiai enous 
injections in rabbits of large amounts of Paipanit led to vealoiess of the muscles 
of the extremities, clonic comulsions followed by eithci coma oi death Death 
appeared to result fiom rcspiiatory paralysis in all thiee species of animals 

Tolerance and Chronic Toxicity A group of 20 albino male rats (average weight 

’ Trasentine obtained from the Ctba Pharmaceutical Products, Inc thiough the cour 
tesy of Dr Frederick F \onkman 
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163.3 gm.) was injected daily except Sundays for 2 weeks with 100 mgm. of Par- 
panit per kgm. intraperitoneally. The first injection induced convulsions in 
17 of the 20 animals and subcomnilsive excitement in one. Convulsions resulted 
from the daily injections in most animals throughout the period of treatment and 
foUo^ving the last injection on the 12th day, 14 of the 17 survivors reacted with 
comnilsions. Of the 20 rats, 3 died during the period of the e.xperiment, none of 
these, however, during a period of several hours immediately follomng an in- 
jection. The 17 rats which survived the experiment weighed an average of 
169.9 gm. at the beginning and 159.9 gm. at the end. Autopsy of animals dying 
during the period of injection and of some killed at the end of the e.xperiment 
revealed no gross pathology. A number of rats were still alive and in good health 
more than 4 months after the end of the experiment. 

Cardiovascular System and Respiration. A series of 13 dogs was used for the 
studies on blood pressure and respiration. With the animals under light ether 
anesthesia arterial pressure was recorded by means of a mercury manometer from 
a cannula in the right carotid artery with heparin as an anticoagulant. Respira- 
tion was recorded in most experiments by means of a tambour connected to a 
pneumograph about the chest of the dog, Parpanit and trasentine were injected 
intravenously in doses of 0.5 to 5.0 mgm./kgm. and 0.2 to 2.0 mgm./kgm., re- 
spectivel 3 L These injections were made rapidly since slow injections were found 
to have very little effect upon the blood pressure. 

Parpanit and trasentine were found to produce a drop in arterial pressure, 
which increases in intensity and duration as the dosage and speed of injection 
increase, thus confirming the report of Heymans and de Weeschhouwer (2). 
The magnitude of the di’op was not influenced by previous injections of the drugs 
under study and only slightlj’’ altered by differences in the control arterial tension, 
the liighest pressures (over 160 mm. Hg) showng a slight^ greater response and 
the lowest (under 100 mm, Hg) a slightly lower response. 

Electrocardiographic studies using Lead II were made on 4 dogs, 2 trained 
unanesthetized and 2 under morphine-urethane anesthesia. Blood pressure 
tracings from the carotid arteries of the latter were correlated noth the electro- 
cardiographic findings. All 4 animals received first 1.0 mgm./kgm. of Parpanit 
intravenously and this was followed after 10 minutes in the 2 unanesthetized 
animals by 2.0 and 3.0 mgm./kgm., making a total of 3.0 and 4.0 mgm.Agm- 
in these animals, respectively. No alterations in the electrocardiographic pat- 
tern could be detected in any of the animals with these doses of Parpanit. The 
heart rate rose abruptly during the injection to nearly double that of the control 
and, though it gradually declined, remained well above the control rate for half an 
hour or more. Neither section of the vagus nor the second and larger injection 
in the 2 anesthetized animals further increased the rate. The persistent tachy- 
cardia is a surprising contrast to the early and definite bradycardia reported by 
Hejnnans and de Vleeschhouwer (2) follo\vkig doses of Parpanit adequate to 
paralyze the vagus in the heart. These workers used chloralose as their 
anesthetic while the observations here reported were made on animals either un- 
anesthetized or under morphine-urethane anesthesia. 
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The paralysis of the vagal cardio-inhibitory fibers (2) vas confirmed m 12 ex- 
periments on 7 dogs in vhich the nght \agus ^\as stimulated with a faradic current 
before and after the injection of Parpanit The antagonism by Parpanit to the 
cardio inhibitory but not to the hypotensive action of acetjlcholine (2) was con- 
firmed in 21 experiments on G dogs It was further noted that the effectiveness 
of Parpanit in inhibiting acetylcholine depended on the lelative amounts of Par- 
panit and acetylcholine administered The results in figuic 1 aie typical of all 
of the'^e expel imcnts At 5, 3 mgm Agr’t' of Paipanit blocked the vagus and 
eliminated the caidio inhibitory action of 1 mgm of acctvlcholine in this dog but 
was inadequate to block the action of 4 mgm of acetj Icholme at G A further 



Fig 1 Dog 9 16 kgm Ether aiiesthcsn Top curve is tint of the irteiial blood pres- 
sure uith a mercurj manometer, middle curve, the time ind duration of stimulation of the 
' ’ ' *‘‘0 drug, bottom cuivc the time in interv ils 0120 seconds ind 

vagus nci VO stimulated clectncivlK , 2 Intiavcnous injec 
I mgm total, 3 Intravenous injection of Paipanit 3mgm / 
kgm , 4 Vagus nerve stimulated cicctncallj , 5 Acctjlcliohnc chloude 1 mgm , G Acetjl- 
cholinc chloride 4 mgm , 8 Parpanit 5 mgm /Kgm , 9 \cctjlcholine chloride 4 mgm , 
10 Acet> Icholme chloride 8 mgm 

injection of 5 mgm of pnipanit at 8, was sufficient to Prevent the cardio- 

inhibitoiy effect of 4 mgm of acetj Icholme at 9, b^t not that of 8 mgm at 10 
Fifteen experiments in which the splenic volume was recorded by means of an 
oncometer connected to a modifiedBrodiebcllows geneiallyshowed a brief decrease 
in volume concsponding to the decline m blood pressuie, although m 4 of the 5 
experiments with a small do'ie of 0 5 mgm Ag^i of Parpanit, there was some in- 
crease in volume of the organ 

The amplitude of lespiration was initially depressed by Parpanit in 17 of the 
19 experiments Follow mg the brief hypotensiv e phase, slow mg of the respiratoiy 
rate was observed and a gradual increase in the amplitude above the normal was 
seen As these experiments on etherized dogs did not show the respiratoiy stimu- 
lation described by Heymans and dc Vleeschhouwer (2) who used dogs under 
chloralose anesthesia, it is possible that the control respiration was basically 
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different in the 2 groups of animals due to the different anesthetics employed. 
Death from toxic amounts of Parpanit is apparently due to respiratorj^ failure. 

Txtrlle Heart. The turtle heart was used to determine the action of Parpanit 
on vagal conduction to the cold-blooded heart. With the heart arranged in situ 
for recording contractions, solutions of the drugs were applied in a pocket of the 
pericardium surrounding the heart for a period of 10 minutes. The right Amgus 
nerve was stimulated for a period of 20 seconds at 2-minute intervals by a faradic 
current derived from a Han'ard inductorium. Thiscurrentwasadequatetoinbibit 
the heart throughout the 20 seconds of excitation of the nenm. The efficacj’^ of a 
drug in inhibiting the vagus action was indicated by the number of “escapes” of 
the heart during the period of stimulation. Sixty-four experiments were per- 
formed with Parpanit, 41 with trasentine and 41 with atropine. 

All 3 drugs were found to be active in paralyzing the cardiac vagus nerve of 
the turtle, atropine showing the greatest activity and trasentine the least. The 
ratio for approximately equal effects ivas atropine 1: Parpanit 20 ‘.trasentine 50. 



Fio. 2. Turtle heart in sifii. Top curve is that of ventricular contractions, up stroke 
systole, down stroke diastole ; middie line, vagal stimulation (“ V" control, and figures show- 
ing number of “escapes”); bottom line, time in intervals of 20 seconds. X — application of 
Parpanit 1:500,000 in Ringer’s solution to outside of heart. W — wash. 

Parpanit showed activity in 6 of the 12 experiments at a dilution of 1:1,000,000 
and 14 of the 16 at 1:600,000 one of which is shown in figure 2. In this figure 
from X to W the heart was being bathed uath a 1:500,000 Parpanit in Ringer’s 
solution. At V the right cardiac vagus nerve was excited electrically before the 
application of Parpanit to the heart and complete inhibition of the heart is 
observed during the 20 seconds of excitation. Two minutes after the drug was 
applied, at 2, two contractions of the heart occurred during stimulation of the 
cardiac vagus nerve. Pour minutes after the diug was applied, 7 contractions 
occurred during stimulation, at 7, and two minutes later, at 10, ten contractions. 
At W the heart was washed and bathed with Ringer’s solution and a gradual 
and complete recovery of the vagus neiwe may be noted. Atropine was effective 
in 10 of the 13 experiments with a 1 : 10,000,000 solution. The duration of action 
of atropine considerably exceeded that of the other drugs. 

Frog Heart. The actions of Pai’panit, trasentine and atropine on the contrac- 
tions of ventricular muscle were studied on 32 frog hearts. A modified Straub 
cannula was used for perfusion. The ventricle was perfused, usuallyforS minutes, 
with the drug in Ringer’s solution following which the solution was replaced with 
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fresh Ringer’s In this manner a total of 110 experiments ^^as done ^^^th Par- 
panit, 74 ^\^th trasentme and 05 with atropine 

Parpanit m concentrations of 1*500,000 and highei regularly deci eased the 
amplitude of contractions of the fiog \cntncle With a solution of 1 25,000, 
■marked toxicity was obsei-xed, G of the 35 experiments lesultcd in a complete 
cessation of contractions The rate of contractions was little affected until a 
concentration of 1:50,000 was reached, whereupon 19 of the 20 cxpeiiments 
icsulted in decreases On the basis of this senes of experiments, Parpanit appears 
to ha\ c the greatest actmty in depressing the fi og ^ enti icle, about 10 times that 
of atropine and approximately one-third gieatei than that of trasentme 

Guinea Pig Lung Thirty-two pairs of excised guinea pig lungs, perfused by 
the method of Sollman and von Octtingen (5) with a solution described by Taintci , 
Pedden and James (0), were used m these studies The degree of constiiction of 
'the bronchial tree was reflected m the rate of flow measured by means of a sensi 
tne tambour which registered each bubble of air entering the !Mariottc bottle 
containing the perfusion solution 

Prior to each experiment, the rate of flow thiough the preparation was standaid- 
ized at 45 zh 5 bubbles pci minute by adjusting the height of the hlanotte bottle 
If a piessurc of o^ cr 30 cm of water was requiicd to maintain the standaid per 
fusion flow, the preparation was discaided At the end of each expeiiracnt, a 
lapid flow was established bj the administiation of 0 1 mgm of epinephrine 
hydrochloiide, the preparation was thoroughly flushed by a penod of rapid per- 
fusion and used for another expeiimcnt 

The first application of either Parpanit or trasentme but not of atropine, to 
a fresh preparation, even m small quantities, pro\okcda giadual and strong con- 
striction, which proceeded to complete cessation of flow m 3 to 4 minutes This 
spasm could be pre'vcnted oi relicxcd by the administration of epmephiine 
Atropine failed to antagonize tlus spasm In view of its invariable appearance, 
the spasm induced by the initial infusion of Parpanit or trasentme is probably 
not the same as the spasm which occasionally appears spontaneously in an im- 
tieated piepaiation when perfusion is begun Following the initial spasm of the 
pieparation, subsequent injections of Parpanit, trasentme or atiopine neithei 
mci eased noi decreased the rate of flow These dnigs were compared as to then 
potencj m p^c^ entmg the spasm induced by acetylchohne and histamine The 
antispasmodic was introduced into the perfusate and followed m 40 seconds 
b> a similai injection of 1 0 mgm of acetylchohne chloiide or 0 025 mgm of 
histamine acid phosphate These amounts geneially produce total constiiction 
m an untieatcd lung Since any flow which peisisted following treatment with 
acetylcholine or histamine was a measure of the inhibition of the drug pie\ lously 
applied, this potency is cxpiessed m table 2 as the ratio of the perfusion rate 
following the bronchoconstiictoi drug to the late before its application 

All 3 drags were effective m inhibiting the action of acetylchohne and to a 
lesser degree tliat of histamine, atiopine being most acti\ e m the amounts used 
Parpanit and trasentme were essentially similai, with Parpanit probably less 
effective against histamine 

Ihe action of atiopine was considerably longci than that of Parpanit or of 
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trasentine in most instances inhibiting the response to acetylcholine for 20 minutes 
while the inhibitoiy effect of Parpanit and trasentine was dissipated in 5 minutes 
in most experiments. 

Intact Intestine. These experiments were performed on 7 trained unan- 
esthetized dogs, 4 unth Thiry-Vella loops and 3 with modified Mann loops of the 
small intestine. The latter were prepared by sectioning the intestine at the 
desired level and bringing the cut end of the caudal portion of the gut to the out- 
side through a stab wound. The cut end of the cephalic portion was closed with 
a purse-string suture. This end of the gut was connected by a side-to-side 
anastomosis unth a large stoma to the caudal section of intestine about 20 to 25 
cm. below its opening to the outside of the abdomen. In using this preparation, 


TABLE 2 

Inhibition of bronchoconstriclion 


A^^:IS^ASMODlC drug 

1 AMOUNT 

BRONCHOCONSTRICTOR 

AMOUNT 

NO. OF EX' 

INHIBITION PER CENT 

1 



Range 

Mean 

Ati'opine 

cc. 

1 

Acetylcholine 

mint. 

1 1 

3 

64.8-92.6 

77.4 

Atropine 

0.5 

Acetylcholine 

1 

6 

24.5-86.7 

72.8 

Atropine 

0.25 

Acetylcholine 

1 

6 

51.1-91.1 

79.8 

Parpanit 

1 

Acetylcholine 

1 

19 

20.8-95.7 

62.0 

Parpanit 1 

0.5 

Acetylcholine 

1 

9 

16.7-91.2 

57.5 

Trasentine 

1 

Acetylcholine 

1 

13 

31.9-93.8 

64.0 

Trasentine 

0.5 

Acetylcholine 

1 

9 

13.9-86.7 

57.5 

Atropine 

1 

Histamine 

.025 

5 

1 21.3-88.8 

55.9 

Parpanit 

1 

Histamine 

.025 

9 

0 -42.5 

24.3 

Trasentine 

1 

Histamine 

.025 

8 

• 21.6-88.8 

42.4 


Anlispasmodics in 1:1,000 solution in 0.9 per cent sodium chloride solution were ad- 
ministered 40 seconds prior to application of constrictor drug. Perfusion rate stabilized 
prior to each e.\perimcnt at 45 ± 5 air bubbles into Mariotte bottle per minute. 


the balloon was inserted sufficiently far into the intestine to lie in the normally 
functioning section. The recording technique has been described by one of us 
(7). 

Twent 3 ’'-six experiments were carried out with Parpanit in intravenous doses 
of 0.25 to 1.0 mgm./kgm., 20 vith trasentine 1.0 to 3.0' mgm./kgm., and 14 
vnth atropine in a constant dose of 0.05 mgm./kgm. There was a decline in the 
control activity of the Thirj’'-Vella loops as time went on, but no differences in 
drug response could be detected between these and the normally functioning 
intestine recorded through the Mann loops. Animals were used at intervals of 
one week with rotation of the drugs in all dogs. 

Figure 3, tiiiical of the results with all 3 drugs, is the record from an experi- 
ment with Parpanit in a dog vdth a Thiry-Vella loop. In this figure, at 1, 0.5 
mgm./kgm. of Parpanit was injected intravenously. As a result both the general 
tonus and the height of the rhythmical contractions were markedly diminished. 
Since the recording apparatus was the same for all drugs, measurement of the 
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ecrease in height of the record gives a measure of the relative effect of the drugs 
n the tonus of the intestine Parpanit m amounts of 0 5 mgm /kgm and 0 25 
cgm /kgm. caused average decreases in the level of the record of 4 54 cm in 16 
xpenments and 3 79 cm in 6 experiments, respecti\ ely Trasentine vath 2 0 
Qgm /kgm and 1 0 mgm /kgm caused average decreases of 3 75 cm m 8 
xpenments and 3 14 cm in 7 expenments, respectively Atropine in 14 
xpenments vith 0 05 mgm /kgm produced an axerage diop of 5 15 cm On the 
lasis of these observations, atropine appears to be over 10 times as active as 
’arpanit m relaxing the dog intestine and Parpanit approximately 8 times as 
ictive as trasentine 

The height of the spontaneous conti actions vas reduced by all 3 drugs Par- 
lanit m a dosage of 0 25 mgm /kgm reduced the contractions in 3 of the G 
xpenments and 0 5 mgm /kgm in 10 of the 15 experiments (see figure 3) 
Frasentine in a dosage of 1 mgm /kgm leduted the contractions m 1 of the 7 
xpenments and 2 mgm Agni m 0 of the 10 expenments Ati opine vas most 
loverful, inhibiting the rhythmical contractions in 11 of the 14 expenments 



Fio 3 Dog 9 0 2 kgm Thiry Vella loop Upper curve is a record of activiU of tko 
loop of gut >Mth rubber balloon U n pressure of 20 cm of water, lower Imo timemintcrvals 
of 20 seconds 1 Parpanit 0 5 mgm /kgm was injected intiavenouslj 


A-tropine in this effect is apparently oxer 10 times as actix o ns Paipanit and Par- 
panit over 4 times ns actix e as trasentine 
The duration of action of these drugs x\as of the same order as then relative 
potency Parpanit in n do^snge of 0 5 mgm /kgm generally relaxed the intestine 
for a period of from 15 to more than 30 minutes, xahile 0 25 mgm /kgm was 
generally effectix e for 15 minutes or less Tiaseiitmc in a dosage of 2 mgm /kgm 
depressed the intestine for from 3 to 15 minutes, with one experiment sho^vlng a 
longer depression A dose of 1 mgm /kgm of trasentine usually depressed in 
testmal tone for only 2 to 3 minutes, xxith one experiment slightly longer The 
effect of atropine x\as prolonged, only one animal exhibiting a return of intestinal 
tone dunng a penod of 20 to 40 minutes following the injection 
Isolated Intestine Segments of intestine m pairs, one piece each from duo- 
denum or jejunum and ileum, were suspended longitudinally in a bath of Tyn ode’s 
solution kept at 38 5°C (8) To this 100 cc bath x^ ere added aqueous solutions 
of the drugs in amounts sufficient to make the desired final concentrations 
A total of 26 pairs of segments from 15 rabbits xvas used m this senes 
Two types of experiments were earned out xvith this preparation 1) the effects 
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of Parpanit, trasentine and atropine indiiddually on the activity of the segments 
and, 2) a comparison of their ability to antagonize the action of acetylcholine. 

1. In the first series, 50 experiments were performed irith Parpanit, 38 with 
trasentine and 30 with atropine. The principal effect of all 3 dmgs was to cause 
a decrease in the height of the contractions of the segment. Table 3 reveals that 
Parpanit in a concentration of 1 : 1,000,000 was depressing to contractions in 14 
of the 20 pairs of segments and that Parpanit and trasentine are essentially 
equal in depressing the isolated rabbit intestine, while atropine sulfate is some- 
what less depressing. The rate of the spontaneous contractions was not markedly 
reduced until the concentration of either Parpanit or trasentine reached 1:200,000 
while atropine in the concentrations studied did not affect the rate. 

2. In studjdng the antagonism of these drugs to acetylcholine, the acetyl- 
choline was added to the bath in different experiments either 3 minutes before, 
simultaneously with, or 3 minutes after the addition of the drug under study. 
Within this range, the results remained constant. All of the drags including 


TABLE 3 

Effect on amplitude of contractions in isolated rabbit intestine 


CONCENTRATION j 

PARPANIT 

i ' 

TRASEOTINE 

ATROPIVE 

A 

B 

A 

I B 

A 

! ® 

1 1,000,000 

20 

70 


j 



1 500,000 

28 

71 4 

14 

78 6 

12 


1 200,000 

20 

85 

30 

83.3 

24 


1 100,000 

28 

85 7 

22 

72.7 

19 



A — Number of experiments 

B — Pei cent of experiments in which inhibition was observed. 


acetylcholine were used in concentrations of from 1 : 100,000 to 1 : 10,000,000, 
57 experiments being performed with Parpanit, 48 with trasentine and 37 with 
atropine sulfate. 

Parpanit was found to antagonize the stimulating action of acetylcholine on 
the intestine segments, the degree of inhibition depending on the lelative con- 
centrations of the 2 drugs. All experiments in which the gravimetric ratio of 
Parpanit to acetylcholine xvas 1:1 or higher showed some inhibition of acetyl- 
choline action. Atropine was well over 1 0 times as potent and trasentine marked}’’ 
less active, having perhaps one-tenth the potency of Parpanit. 

Recoids from compaiative experiments are shown in figure 4. Parpanit, 
trasentine and ati opine in concentiations of 1:300,000 were followed in 3 minutes 
in their respectixm experiments by acetylcholine to a concentration of 1 : 500,000. 
The antagonism by atropine was nearly absolute, that by Paipaiiit less but marked 
and that b}’ trasentine least of all. The effect of the atropine was far more per- 
sistent than that of either of the other 2 drugs. 

Iniacl Uterus. Contractions of the uterine horns of 8 rabbits under urethane 
anesthesia and 6 decerebrated cats were recorded by a method described by one of 
us (9). 
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Parpanit administered intravenously to the rabbits m do'^es of from 2 to 5 
nigm /ivgm lesiiltcd in stimulation of iitciinc contractions in 10 of the 23 ex- 
periments and no action in 13 Tia*^jntine in equal amounts resulted in stimu- 
lation m 0 of the 13 and nas vithout effect m7 These lesultsare at variance 
vith those of Johnson and Reynolds (10) who found trasentinc in intravenous 
doses of 2 to 4 mgm Agin to be without anj effect on the rhj thmic contractions 
of the rabbit utcius They were, howc\ci, recording from uteiinc fistulae in 
ainanesthetizcd animals, wlieieas, in the expciiments desciibcd here the rabbits 
were urethamzed and the abdomens wcic open Intia\cnous injections of 2 
to 4 units of posterioi pituitary solution produced marked stimulation in all 
jinimals, as did 1 100,000 epinephrine solution m amounts from 0 2 to 1 0 cc 



Fig 4 Excised longitudinal segments of inbbit intestine In each case the upper curve 
IS that of the duodenum and the iowci curve tlmt of the ileum, time in intervals of 20 sec- 
onds 

In the tats, 2 to 5 mgm Agm of Paipanit e\oked stimulation of conti actions 
in 11 of the 13 expenments and similar amounts of trasentine caused stimulation 
m 5 experiments rigiue 5 is a typical iccord of these results in winch the dnigs 
cau‘^ed inci eased activity of the uterus Injections 1 and 5 are omitted from the 
lecoid to conserve space The first injection which was trasentine was the same 
as that seen at 3 m the record and the other injection omitted was that of epi- 
nephrine (0 5 cc of a 1 100,000 solution) which caused a decrease in both the 
general tonus and force of the rhythmical contractions of the uterus As can be 
seen at 2, 3, and 4, Parpanit, trasentine and posteiior pituitary solution, respec- 
tuelj , caused a sudden and pronounced inciease in the general tonus of the intact 
cat uterus All of the mtiavcnous injections of posterioi pituitarj solution in- 
duced strong contractions and all injections of epinephrine solution caused marked 
relaxation 
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Excised Uterus. Pairs of segments of non-pregnant uteri, one from each horn,, 
were suspended in aerated Locke’s solution adjusted to pH 7.6 and kept at 
38°G. for recording their activity (11). Twelve pairs of segments from rabbit' 



Fig. 5. Decerebrated cat 9 2.2 kgni. Records taken from two uterine horns tlpstrokcv 
contraction, downstroke, relaxation. Time in intervals of 20 seconds. 2. Parjianit ^ 
mgm./kgm. injected intravenously, 3. Trasentine 3 mgm./kgin.; -1. Surgical pituitrin, 6- 
units. 



Fi'. 0 Excised rabbit uterine segments in IjOcke’s solution. Time in intervals of 20 
seconds 1 Parpanit 1 :201,000 W — wash. 

uteri, 7 pairs from rats and 4 from cats were used, with results from Parpanit and 
trasentine constant for all animals. 

Stimulation of the uterine segments, regardless of the control state of activity, 
was regularly obtained bj’- Parpanit in a concentration of 1 : 100,000 in the bath. 
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Fifty experiments \nth this concentration of Parpanit resulted in stimulation in 
48. At a level of 1:1,000,000, Parpanit was stimulating in 8 of the 15 experi- 
ments and without effect in 7. Figure 6 illustrates the stimulation of active 
segments of rabbit uterus by Parpanit in a concentration of 1:200,000. In- 
hibition of contractions was obsciwed with concentrations ranging in various 
experiments from 1:20,000 to 1:5,000, the decrease in contraction height some- 
times being accompanied b}' an increase in tone. Uteri inhibited by Parpanit at 
these levels were refractor^’ to stimulation by posterior pituitary solution or 
epinephrine (rabbit). The contractions stimulated by pituitrin were never an- 
tagonized by Parpanit except in the high concentrations necessary to depress 
the uterus in the absence of pituitrin, probably a toxic manifestation. On the 
contrarj”, pituitrin-induced contractions, if not maximal, were augmented by 



Fio. 7. Excised rabbit utcritic scRmcnls. Locke’s solution. Time in intervals of 20 
seconds. 8. Posterior pituitary solution 0 05 unit in 100 cc. bath. 9. Parpanit 1:100,000. 
10. 'W.osh 


stimulating concentrations of Parpanit. This augmenting effect of Parpanit on 
pituitrin-stimulated contractions is shown in figure 7. 

Parpanit in stimulating concentrations tended to produce increased height of 
contractions, increased rate of contraction and increased tonus, in that order. In 
20 experiments unth segments actively contracting, Parpanit in a concentration 
of 1 : 100,000 caused an increased amplitude in 19, increased rate of contraction 
in 16 and increased tone in 10. In 20 e.xperiments wth quiescent segments, a 
similar concentration of Parpanit initiated contractions in 24 and increased the 
tonus in 4. 

Trasentine appeared essentially similar though possibly not quite as active in 
its effects on the uterus. Using a concentration of 1 : 100,000, stimulation was 
observed in 23 of the 28 experiments. Lower concentrations were less active, 
while depression of contractions occurred in concentrations of from 1:20,000 to 
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1:10,000. Trasentine, like Parpanit, was found to antagonize pituitrin onl 3 ’- 
in toxic concentrations and in lower concentrations to augment its action. This 
is in marked contrast to the obsenmtions of Johnson and Rejmolds (10) to the 
effect that the activity of the intact rabbit uterus stimulated bj-- pituitrin is signi- 
ficantlj’ reduced bj^ trasentine in doses of 3 mgm./lvgm. 

In 14 e.xperiments with atropine sulfate in concentrations of from 1 : 100,000 
to 1:1,000,000, mostty on rat uteri, no effect was obsen^ed. 

Posterior pituitarj' solution in amounts of from 0.01 to 0.05 units in the 100 cc. 
bath and epinephrine solution in concentrations of 1 :10, 000,000 to 1 : 100,000,000 
were used in 35 and 11 experiments, respectivelj’^, vith all segments showing the 
usual responses. 


SmiJURY AND CONCLUSIONS 

1. The LD 50 of diethylaminoethjd ester of phenjd-cj'clopentane-carboxj-lic 
acid as the h.vdrochloride, “Parpanit”, is: 24.5 mgm./kgm. intravenously for 
rabbits; 45.1 mgm./kgm. intravenousty for mice; 222.3 mgm./kgm. intraperi- 
toneallj’’ for mice; and 209.0 mgm./kgm. intraperitoneally for rats. 

2. Toxic doses of Parpanit produce symptoms of central ner\mus system stimu- 
lation in rabbits, rats and mice, vith death ultimately due to respiratory paral- 
3 '’sis. 

3. There is no evidence in rats of the development of tolerance to large amounts 
of the di’ug. 

4. Moderate amounts administered to dogs produce tachycardia bj’’ peripheral 
inhibition of the vagus, a brief hj’potension from vasodilatation bj' local action, 
and a temporaty depression of respiration. 

5. In addition to inliibiting the effect on the dog heart of the artificiallj’’ stimu- 
lated vagus, Parpanit inhibits the effect of injected acetylcholine on the heart 
rate, but not on the blood pressure. 

6. The inhibition of the turtle heart bj’’ the vagus is decreased bj’’ Parpanit 
in dilute solution. 

7. Parpanit depresses the contractions of the perfused frog venti'icle in dilute 
solution. 

8. Parpanit antagonizes the action of acetylcholine on the perfused isolated 
guinea pig lung and to a lesser degree the action of histamine. 

9. Spontaneous acti^nty and tone are both diminished in the intact intestine 
of the dog bj' Parpanit. 

10. Dilute solutions of Parpanit depress the acthdty of isolated strips of rabbit 
small intestine, especiallj' the amplitude of the contractions. 

11. Similar solutions depress the responses of isolated gut segments to acetyl- 
choline. 

12. In mam' instances the uterus of the decerebrated cat and the urethanized 
rabbit is stimulated bj' Pai'panit. No instances of relaxation were observed. 

13. In contrast to the isolated intestine, isolated uterine segments of rabbit, 
cat and rat are strongh' stimulated by dilute solutions of Parpanit, depression 
occurring onh' when strong solutions are used. The action of pituitrin is aug- 
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mented by Pnrpanit in dilute solutions and antagonized only by toxic concentra- 
tions. 

14. Parpanit and trasentine aro qualitatively similar but have quantitative 
ditlerenccs in different types of c-xperiments. They aro approximately equal in 
potency in depressing the isolated intestine, in inhibiting the action of acetyl- 
choline on the guinea pig lung, and in stimulating both intact and isolated uteri. 
Parpanit is more active in inhibiting the action of acetylcholine on the isolated 
intestine, in relaxing the intact intestine, and in depressing the turtle cardiac vagus 
nerve, and is a trifle more depressing to the frog ventricle. 

15. Atropine is far more active in inhibiting the vagus nerve and in blocking the 
actions of acetylcholine and is less depressing to the isolated intestine and the 
frog ventricle. In the concentrations used it is without effect on the uterus. 
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This is an investigation into the interrelations of dose, route of administra- 
tion, excretion, destruction and plasma level of Neostigmine, U.S.P. XIII (Pro- 
stigmine) in dogs and in patients with myasthenia gimds. Few quantitative 
studies of this land have been reported and these (1, 2, 3) do not present a con- 
sistent picture. Previous work from this laboratory (4, 5) showed that gross 
errors are inherent in the usual techniques for determination of in vivo cholin- 
esterase activity in the presence of reversible inhibitors. Full details are to be 
found in this earlier work, especially in the study of physostigmine in dogs (6), 
to which the present report is in large part a sequel. 

The following principles were demonstrated with physostigmine: (a) During 
the period of determination of the plasma cholinesterase activity physostigmine 
is competitively displaced by acetylcholine. This competition effect must be 
corrected for. (b) When eserinized serum is diluted (usually tenfold) prior 
to the manometric determination, the enzyme-inhibitor complex dissociates re- 
versibly so that the degree of inhibition is markedly reduced. This dilution 
effect, which should occur with any reversible system, must be controlled with 
respect to time, and corrected for. (c) Enzymatic destruction of physostigmine 
may occur before the determination is completed. 

Since Prostigmine levels were to be calculated from the degree of inhibition 
of plasma cholinesterase, a thorough understanding of the isolated Prostigmine- 
cholinesterase system was first required. Thus the first section of this paper 
consists of in vitro experiments, performed mth a view to the proper correction 
of animal or human data to in vivo conditions. The second and third sections 
comprise the work with dogs and myasthenic patients, a preliminary report of 
which has already appeared (7). 

I. Action of Prostigmine on cholinesterase activity of dog serum in vitro 

Method. The manometric method ot Ammon (8) is used throughout. Dog serum, appro- 
priately diluted with bicarbonate-Ringer solution containing Prostigmine methylsulfato is 
allowed to stand overnight at 0°C. to allow full combination with the enzyme (9). Then 
2.0 cc. of the enzyme solution are placed in the main Warburg vessel and 0.2 oc. of 20 per 
cent acetylcholine bromide (recrystallized) in the side-bulb. The acetylcholine concen- 
tration after mixing is alwaj's 0.0S05 molar. Equilibration for 7 minutes at 37° with 95 
per cent N--5 per cent CO; is followed by tilting 5 minutes later and the initial reading is 

* These studies were supported by grants from Hoffman-LaRoche, Inc., the Ella Sachs 
Plotz Foundation, and the William W. Wellington Memorial Research Fund. 
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taken 3 minutes after the reaction has started. The usual period of measurement is then 
20 minutes, although in some of the etperiraents successive 20>nunuto periods are con- 
sidered. 

The vihibilion curve. Figure 1 shows the results of a number of experiments 
in which the 20-minutc reaction rates arc plotted asfractioji of 7wrmal activity (a) 
against the logarithm of the molar Prostigminc concentration. The fractional 
activity for a given inliibitor concentration is predictable with a standard error 
of approximately rfcO.OSP. 

The shape of the curve and its mid-point slope (about 0.575) arc the same as 
for physostigmine and indicate a combination of one molecule Prostigminc with 



Fio. 1. Inhibition of Doo Seiium CiiouNEsxcnASE dt PnosTiajiiNB 

<7 ; *' ’■ I 1 '*'ive curve in the 

. . . ‘cholinesterase, 


a single enzyme active center (4). This slope is to be expected whenever an 
enzyme-inhibitor system operates in zone A, where E' is less than O.P, a negli- 
gible fraction of total inhibitor being combined with enzyme even at full in- 
hibition. Under these conditions the inhibition should not depend upon the 
enzyme concentration and figure 1 shows that tliis is true, at least over the range 
4 per cent to 20 per cent serum. The degree of saturation of an enzyme by its 
inhibitor may be thought of as depending on the ‘‘thermodynamic pccssuce” of 
free inhibitor. To maintain half the enzyme centers in a combined, inactive 


* In the absence of a theoretical linear curve, approximate standard errors were calcu- 


lated here (and also in figures C and 17) from the expression ± 




deviations being 


taken from the points to aii empirical curve of best fit. 

3 E'is defined as E/K—- the concentration of enzyme active centers divided by the dissoci- 
ation constant of the enziTue-inhibitor complex. 


58 


GOLDSTBIK, KBATEB, BOOT, ACHESOK .ilCD DOHERTY 


state, for example, requires the same coacentration of free inhibitor molecules 
whether there are many or few enzyme centers present. 

The position of the curve on the axis of abscissae shows that the affinity of 
Prostigmine for the enzjTne is considerably greater than that of physostigmine, 
the activity being reduced 50 per cent by a concentration less than 10"® molar. 
Exact comparison of affinities require calculation of the Prostigmine-enzyme 
dissociation constant and this cannot be done from the observed points of figure 1. 
These 20-minute values represent transitional stages in the increase of activity 
resulting from displacement of inhibitor by substrate. To obtain a true picture 
of the inhibition in each case before addition of acetylcholine one must consider 
the competition effect in some detail. 



Prostigmine incubated overnight with 10% dog serum. Acetylcholine added at zero 
time. Successiv'e 20-minute activities plotted at mid-point of each interval. A: 4.50 X 
lO-'oM/L. B:2.22X10~*. C: 4.44 X 10~». D: 1.11 X 10~’. E: 1.S9 X lO'h 

Compciiiion. In figure 2 are plotted the results of-five experiments at differ- 
ent Prostigmine concentrations, in which the reactions, after addition of sub- 
strate, were allowed to run for seven successive 20-minute periods. The ac- 
tivities are expressed as fraction of normal and plotted at the midpoints of each 
time interval.'* 

The curves show a gradual displacement of inhibitor by substrate. Two 
states are therefore to be distinguished — an initial non-competitive equilibrium 
between inlubitor and enzyme, and a final competitive equilibrium in which 
Prostigmine, acetylcholine and cholinesterase all participate. The inhibition 

‘ The normal rate falls off slowly as the reaction proceeds, an effect which is accurately 
predictable on the basis of the total COj liberated from the beginning of the reaction. 
Consequently, inhibited rates in continuous runs are compared with the normal ai the same 
total COj evolution. 
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curves representing these two equilibria have been arrived at on the theoretical 
basis outlined elsc^Yherc (6) and appear os NC and C in figure 1. The cfTcct of 
the separation of these two curves is that at equilibrium nearly 100 times as 
much Prostigminc is required to produce a given inhibition in the presence of 
this concentration of acctjdcholine as in its absence. The Prostigmine-cholin- 
csterasc dissociation constant, obtained from curve NC (when a = 0.5), is 3.89 
X as compared with 3.11 X 10“* for phj'sostigmine. 

Tho kiaetics of competition havo been treated in some detail for pfaj'sestigmino (6). 
It was shown that the initial rate of change of a can be described by the equation 


S' 



Here S' is the acetylcholine concentration expressed in units of its cnryme*complc.\: dissoci- 
ation constant (S/K) and k< is the rate constant of dissociation of this complex, and I' 
and kt have similar meanings with respect to the inhibitor. For all comparable inhibitors 
of this ensyme a particular value of I' produces the same fractional activity. It follows 
that as between several inhibitors the only variable in the rate equation is the constant kt; 
that this constant alone determines the rate of increase in activity from any initial value of 
a; and consequently that if the rates of displacement arc of comparable magnitude, so must 
be the several rate eon<<an(s, kt. 

When we compare the curves of figure 2 with analogous cur\’es for phj'sostigmine (6, p. 
605), wo find that the competition rates arc essentially the same. Wo may therefore con- 
clude that kt, the rate constant of dissociation is of the same order for both compounds. 
The dissociation constant, K, is the ratio kt/ki, where ki is the rate constant of association. 
But K (Proaligmine) is about one-eighth as great as K (ph^-sostigminc). It follows that 
kt must be about eight limes as great. In other w'ords, once the complex is formed its rate 
of dissociation is otouf the same for the two inlubitors. The greater affinity of Prostigmine 
must be explained by its greater rate of combination at equimolar concentration. Since 
the two inhibitors do not differ greatly in moleculnrsire the effect is presumably a result of 
a higher proportion of effective collisions on the part of Prostigminc. 

Diluti<m. The theory of the dilution effect 1ms been discussed elsewhere 
(6, p. 21). A curve of best fit to the observed 20-minute points of figure 1 was 
corrected for competition and dilution, to yield the correction curve of figure 3. 
The ordinates represent fractional activity of undiluted sera while the abscissae 
show the fractional activity observed in the same sera after tenfold dilution. 
For example, an actual activity of 0.43 would give an apparent activity, after 
dilution, of 0.90. 

A curious distortion is evident. The whole range 0.43 to 1 .0 before dilution 
is compressed into a small range of observed values between 0.90 and 1.0. On 
the other hand, actual activities below 0.05 before dilution are spread out be- 
tween observed values 0 and 0.45. As the reliability of any single determination 
of fractional activity (±3 per cent) applies to observed values after dilution it 
becomes impossible to estimate with much accuracy the activities of undiluted 
sera unless these activities are very low. Differences between such low ac- 
tivities (eg. 0.03-0.04) can readily ^ detected. In the siibseqiient sections cor- 
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reded fractional activilics will always appear in italics, uncorrcctcd aclimties in ro- 
ma7i type. 

Destruction. The enzjm^atic desUDction. of Prostigmine by dog serum at 37“ 
was studied. Under the conditions of these experiments non-enzymatic break- 
down is negligible. Previous work (o) had demonstrated that the enzymatic 
destruction of physostigmine could be considered as a special case of the de- 
struction of any compound acting as a suhslrate, despite the extremely low hy- 
drolysis rate. This rate depends upon the degree of saturation of the enzyme 
and upon a rate constant of destruction (kn) loioum as the “turnover number”, 
w'hich is characteristic of each substrate. Experiments noth highl}’^ purified 
plasma cholinesterase indicate that acetylcholine, Prostigmine and physostig- 
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Fig. 3. Effect of Dilution upon the Activitt of Doo Sebum Cbomnesteeasb 
Inhibited bt Prostigmine 

mine are hydrolyzed by the same enzyme (11). This is indicated also by the 
course of Prostigmine destruction described here. The general equation for 
destruction in such a system was shown to be 

-pin 4 -In^-^l=kDE't 

Lao “0 J L“ * J 

where Oo is the initial fractional activity, E' = E/K as defined on p. 563(4), and 
a is the fractional activity at any time, t. 

The general course of inhibitor breakdown, e.xpressed in terms of a as a func- 
tion of knE't is shown in figure 4. At low values of a, w^hile the rate of destruc- 
tion of Prostigmine is maximal, the change in a is very slow. The steepest 
slope of the curxn and most rapid increase in actixdty occurs when a = 0.667. 
Consequently, as far as enzjmatic destruction alone is concerned, low activities 
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(below 0.20) should persist while moderate activities should increase rapidly 
toward normal. 

For reasons explained elsewhere (4), a definitive value of E' cai\not he obtained, at least 
in this system. However knE' can bo handled conveniently as a unit. While kp will have 
a fixed value in the case Prostigminc-cholinesterasc, E' will vary in proportion to the serum 
concentration. Furthermore it will depend directly upon the concentration of enzyme 
active centers, which is proportional to the activity of uninhibited normal serum with 
acetylcholine as substrate. 

In order to determine the constants in the destruction equation, Prostigmlnc was in- 
cubated at 37“ with 22.7 per cent dog scrum. The normal enzyme activity of this solution 
was 0.392 mM acetylcholine hydrolyzed per liter per minute. After overnight equilibration 
an initial determination (in duplicate) gave Oo *=» 0.38. Tivcnty-four hours later, a was 



Fio. 4. Tueohetical Couese of Recovery of CuoLiNEsTEnASE Activity DoniNO 
Enzymatic Destruction of an Inhibitor 
For explanation, see text 

0.77 and after 48 hours 0.98. If these values of a arc located on the curve of figure 4 it will 
be found that a difference of 3.1 and 6.2 units, respectively, is represented by their abscissal 
projectioas. Dividing kpE't by t (minutes) gives the same result for both sets of determi- 
nations, namely, kpE' =* 2.16 X 10"* in this scrum solution. 

The value of koE' at other concentratioas and in other sera should depend upon the 
normal enzjone activity; it should bo equal to 2.15 X 10"* X normal activity/0.392, where 
normal activity is always expressed as mM/L/min. 

To check on the validity of this expression in predicting destruction rates w'O incubated 
Prostigmine as above, but substituted a 9.1 per cent scrum solution having the low' normal 
enzyme activity 0.0782 mM/L/min. The initial fractional activity in the presence of 
Prostigmine was 0.43 w'liich increased after 49 hours to 0.57. From the formula above 
koE' = 4.3 X 10“* and multiplying by t wc obtain koE't « 1.3. On figure 4, the abscissal 
value for oo 0.43 is 20.3; increasing this by 1.3 gives 21.6 and an ordinal value a =* 0.68. 
In other words, the predicted activity after 49 hours W'os 0 68 and the experimentally deter- 
mined value was 0.57. > 
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It is of some interest to compare the destruction rates of Prostigmine, phj'so- 
stigmine and acetylcholine. If the term knE' be di\aded by the dissociation 
•constant for each substance, three values are obtained for the term knE. But 
E, which is the molar concentration of enzyme centers, will be the same in all 
three cases. The turnover numbers, kn, can then be compared. It has been 
shown (4) that the slope of the inhibition curve (figure 1) would be significantly 
steeper if E' were greater than at 20 per cent serum concentration. Tliis 
fact allows one to assign a maximal value, E <2 X 10~* M in whole serum, a 
figure one-twentieth that previously assigned as a result of the work -mth phj^o- 
stigmine. Dividing each koE by this maximal E gives minimal estimates of the 
turnover numbers. These data are summarized in table 1. 

The portions of the foregoing discussion that bear upon determination of the 
adivity of inhibited cholinesterase in vivo may be summarized as follows: Serum 
containing Prostigmine is withdraum from an animal and diluted. The frac- 

TABLE 1 


Dissociation constants and turnover numbers for acetylcholine, physostigmine and Prostigmine 


SUBS'raATE 1 


K 


kj, (per minute) 

Acetylcholine (5) 1 


1.25 X 10“’ 

1.85 X 10“’ 

>100000* 

Physostigmine (5, 10) (horse j 

1.4 

3.11 X 10“’ 

4.2 X 10-» 

>2.1 

serum) 

Prostigminet 

0.009 

3.89 X 10-s 

3.5 X 10-“ 

>0.0018 


* Of. 89-100 per minute for horse serum cholinesterase (8). 

t The average normal activity of all the sera used was 1.63. The value of koE' given 
here is from the expression 2.15 X 10“’ X 1.63/0.392. 


tional activity of tliis serum is determined by measuring the amount of acetyl- 
choline hydrolyzed in a 2J5-minute period following its addition. The value of 
a thus arrived at is somewhat too high as a result of competition afad very much 
too high as a result of dilution. The destruction of Prostigmine in 20 minutes 
is negligible. By applying the corrections depicted in figure 3 the fractional 
activity obtaining in vivo can be found but the accuracy of such data varies 
with the degree of inhibition. Prostigmine concentrations can be found directly 
from the observed fractional activity and the uncorrected points of figure 1. 
The values thus obtained are simply multiplied by the dilution factor to give 
Prostigmine concentrations in vivo. 

II. Prostigmine levels and cholinesterase inhibition in dogs 

Method. Dogs ■weighing from 15 to 25 kgm. were given Prostigmine methylsulfate by 
mouth, by single intravenous injection, or by continuous intravenous infusion. The con- 
tinuous infusions were conducted in 26 dogs, as described elsewhere (6) (q.v. for t 3 rpical 
protocols), except that no single animal was ever used for more than two infusion rates. 
The dogs were anesthetized, Pentobarbital Sodium’ (0.035 gm. per kgm.) being used intra- 
peritoneally to initiate anesthesia, winch was then maintained by administration of the 


‘ Nembutal, kindly supplied by Abbott Laboratories, North Chicago, Illinois. 
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same drug (0.075 per cent in physiological saline) into the femoral vein at a rate between 
0.5 and 2.5 cc. per minute. Body temperature was recorded and maintained near normal. 
Respiration was spontaneous. Respiratory and heart rates were recorded throughout 
each experiment and blood pressure at the termination of the experiment. That tho 
animals remained in good condition is indicated by the fact that tho terminal blood pres- 
sures were above 110 mm. except in one experiment where it was 80 mm. after 13 hours 
anesthesia and two experiments where the kidneys had been ligated and the animals died 
after 30 hours. Hematocrit determinations were periodically performed and saline admin- 
istered to prevent hcmoconcentration. 

Blood s.araplcs of 6 cc. each were taken from the right external jugular vein. The blood 
was allowed to clot, was centrifuged, and the serum removed, diluted and stored at 5® for at 
least nine hours. Storage of tho diluted serum before determination is to insure completion 
of the dissociation which takes place on dilution. Dilutions were 1 to 10 unless otherwise 
specified; tho diluent was the bicarbonatc-Ringor solution used for the determinations. 
The normal cholinesterase activity was established by averaging three blood samples taken 
prior to Prostigmine administration. These normal activities varied between 0.928 and 
3.10 mM/L/min, with an average of 1.63. There is no significant change in the serum ac- 
tivity of the normal dog during 30 hours, tho maximum duration of an experiment. 

Except at very low infusion rates, atropine sulfate (1 mgm. per 10 mgm. Prostigmine 
methylsulfate) was included in tho saline Prostigmine solution which was infused into the 
femoral vein at a constant rate of 5 to 10 cc. per hour bj' means of a calibrated automatic 
infusion pump. Additional amounts of atropine sulfate (0.6 to 1 .0 mgm.) were given when 
needed to counteract severe toxic cfTects, not only in tho continuous infusions but in tho 
experiments with single oral or intravenous doses as well. Neither atropine sulfate, in the 
amounts used, nor pentobarbital anesthesia have any effect upon tho normal cholinesterase 
activity. 

Coniintious infitsion. 1. Plasma Prostigmine levels. Figure 6 shows that 
constant levels of plasma cholinesterase inhibition can be established by con- 
tinuous infusion of Prostigmine at a constant rate. The curves represent the 
observed values in nine representative experiments. The corrections have not 
been applied and the points therefore do not represent actual enzyme inhibition 
in the circulating plasma. 

The fixed relationship of enzjTue inhibition to Prostigmine concentration has 
already been shown in vitro. The constant inhibition levels attained here there- 
fore represent constant Prostigmine levels in the plasma. Disposal mechanisms 
are evidently flexible enough to keep pace witli a wide range of infusion rates 
(0.134 — 1040 X 10“^'* M/kgm./min.) or steady states could not be established. 

The higher the infusion rate the more rapidly is a steady state level achieved. 
As the rate of infusion is progressively increased the change in steady state in- 
hibition becomes smaller and smaller. It is ever more difficult to depress the 
cholinesterase activity as lower and lower values are reached and more and more 
enormous amounts of Prostigmine are infused. To some extent this is merely 
a result of the sigmoid shape of the semi-logarithmic inhibition curve (figure 1), 
ever larger inhibitor concentrations being required to produce small increments 
of inhibition ns complete inhibition is approached. But quantitatively the effect' 
is far greater than could be accounted for on this basis alone. 

In figure 6 are plotted the steady state levels finally achieved in 23 experi- 
ments at various infusion rates. Each steady state activity is plotted against 
the logarithm of the infusion rate, expressed in moles per kilogram per minute. 
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Fig. 5. Estabi/Ishment of Steady State Chomnesterasb Activities by Contindoes 
Intravenous Infusion of Pkostigsune in Dogs 

The values of a are unoorrceted. Figures to the right of each curve refer to infusion 
rates in moles X 10"“ per kilogram per minute. 



Fig. 6. Redationship of Steady State Cholinesterase Activity to Rate of 

PnOSTIGMINB RiPUSION IN DOGS 

The values of a are uncorreoted. There are two points, nearly superimposed, at the 
extreme right of the curve. The curve of best fit is shown corrected to in vtvo conditions 
in the lower solid curve. The broken line represents destruction of Prostigmine by plasma. 

At a given infusion rate the uncorrected steady state activity can be predicted 
with a standard error of approximately ±0.039, a reh'ability comparable with 
that of in vitro determinations of inhibited enzyme activity (cf. footnote 2). 
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The entire curve drawn through tho observed points has been corrected so that 
the lower solid curve represents the true activities in vivo. 

2. Elimination mechanisms. When a steady state has been reached, the rate 
of infusion must exactly compensate for all disposal mechanisms. Thus at the 
steady slate, infusion rate is equal to elimination rate. The axis of abscissae in 
figure 6 is therefore labelled elimination as well os infusion. 

a. Destruction hy plasona. Overall elimination is tho result of an unknown 
number of separate mechanisms. The most obvious of these, the enzymatic de- 
struction of Prostigmine, has already been analyzed. From tho equation 
— (dl/dt) = kn (El) = K-koE' (1— o) and the value otknE' obtained earlier, 
the rates of destruction of Prostigmine at the various values of a have been 
plotted as the broken curve of figure G. It will be observed that enzymatic 
destruction accounts for a significant portion of tho total elimination only at 
high fractional activities. At low values of a the total elimination becomes 
enormously greater than the cnzj-raatic destruction by plasma, which cannot 
exceed a maximal rate (when the plasma cholinesterase is saturated) of 3.5 X 
10-n moles per liter per minute.' 

When the ordinates of figure 0 are converted to Prostigmine concentrations 
with the aid of figure 1 the relation between plasma dnig level and elimination 
rate is obtained. This is presented graphically in figure 7. The broken curve 
again represents the calculated rate of enzymatic destruction in plasma. In 
contrast to the limiting rate attained by this curve, the points representing 
overall elimination show no tendency to reach a ma.ximum. The rate of elimi- 
nation increases with the Prostigmine concentration up to the highest level 
examined. 

b. Renal exaction. What are the mechanisms responsible for Prostigmine 
elimination at concentrations liigher than that required to saturate the plasma 
enzyme? If the kidneys are ligated after the establishment of a steady state, 
and the infusion continued at the same rate, the steady state should be upset 
if the kidneys play an important role in elimination. In figure 8 arc plotted 
the results of four e.xperiments in which the renal pedicles were ligated at the 
times shown. In every case there is a decrease in fractional activity following 
ligation, and a new, lower, steady state value is finally attained. Kidney liga- 
tion, in a control experiment without Prostigmine resulted in no change in the 
cholinesterase activity. 

These curves establish the fact that at least a portion of tho normal elimi- 
nation is via the kidneys. They also prove that mechanisms oiha than renal 
excretion and destruction by plasma enzyme are operative. The lowest infusion 
rate in these experiments is greater than the maximal destructive capacity of 
the plasma. If the kidneys were the sole disposal mechanism supplementing the 
enzyme, their exclusion, under these conditions, would result in a continuous 
accumulation of Prostigmine whose rapidity would depend upon the excess of 

* We are not unaware of the possible error in equating a rate in moles per liter per minute 
to one expressed as moles per kilogram body weight per minute. Wo see no logical alterna- 
tive to this assumption and have arbitrarily made it throughout this paper. 
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infusion rate over enzymatic destruction rate. That no such progressive change 
occurs, that new steady state levels are in fact established, indicates that al- 
though the enzyme is incapable of working any faster and the Iddncys are ex- 
cluded, Prostigmine elimination is proceeding nevertheless by other routes. 



LOG PROSTIGMINE CONC. 


Fig. 7. Relationship of ELiiinNATioN Rate to the Steady State 
PKOSTTG snNE LeVEL IN DoGS 

Ordinates: Moles per kilogram per minute. Abscissae: Moles per liter. The broken 
line represents the contribution of plasma destruction to the total elimination. The four 
open circles represent kidney ligation experiments. 

The contribution of the Iddneys to the overall elimination of Prostigmine can 
be evaluated by two independent means — determination of the renal clearance 
by usual methods, and calculation of the deficiency in expected overall elimi- 
nation when the Iddneys are ligated. 

The Prostigmine clearance was obtained by continuous infusion of the drug 
in dogs whose ureters had been catheterized. Glucose (6 per cent) in distilled 
water was infused intravenously at a rate of 200 cc. per hour to promote an 
adequate mine volume. After establishment of a steady state the total mine 
excreted in two successive hourly periods was collected and assayed for Pro- 
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Btigmine.’ Venous blood samples ivere taken at the beginning and end of each 
urine collection period, and their Prostigmine concentrations determined. The 
results of three such e.\periments are summarized in table 2. The mean plasma 
clearance was 99 ec. per minute and the creatinine clearance* in one dog at the 
conclusion of the experiment was 99-119 cc. per minute. These data suggest 
that Prostigmine is e.xcretcd by glomerular filtration. 



Activities in Dogs 

The vftlue ' i given in the upper right corner. 

The times at ^ vertical lines noove each curve. 

The broken • lich no distinct curve was drawn. 

In order to compare these results with those obtained in the kidney ligation 
experiments, the clearance must first be expressed as a rate constant of excretion, 
k«, in the equation 

-(dl/dt) = hi ■ - 

where I is the molar inhibitor concentration. The mean value of h from the 
data of table 2 is 4.5 X 10"® per minute. The open circles of figure 7 represent 
the four renal ligation steady states. The difference between the observed and 
expected elimination rate for each point (i.e. the ordinal distance from the curve 
of solid circles) should give the contribution of the kidneys at each particular 
Prostigmine concentration. The calculations, presented in table 3, yield a mean 

’ Appropriate dilutions were added to a standard cholinesterase solution, allowed to 
stand overnight at 5®, and the resulting activity compared with the normal in the usual 
way. Normal urine does not inhibit the enzymo. 

« Kindly determined by Dr. Douglas S. Riggs. 
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value of 4.0 X lO-^ per minute for ke, in satisfactory agreement with that ob- 
tained by the clearance method. This agreement is evidence that within the 
limits of experimental error the sole effect of ligating the renal pedicles is to pre- 
vent the excretion of Prostigmine, the kidneys playing no appreciable role in 
destruction of the drug. 


TABLE 2 


Relationship of renal excretion to plasma Prostigmine level in the dog 
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n 
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* Creatinine clearance in this dog; 99-119 cc./min. 
t Determined by diluting serum 1:60 with normal 10% dog serum. 


TABLE 3 

Effect of kidney ligation in dogs on the elimination of Prostigmine 
Excretion rate , 


Prostigmine cone. 


(A) 

(B) 

(C) 

9 

1 

n 

Cl") 

PiOSTlCMUJE CONC. 

KOEKAL EUMInATION 
KATE 

1 

KnjNEY-LXCATEO i 

EXJUmATZON SATE , 

I3CCSXTIOS BATE 

ko 

M/L 

3.26 X 10-5 
6.15 X 10-5 
1.23 X 10-7 
1.48 X 10-7 

M/ksm./min. 

1.57 X 10-55 ; 
3.15 X 10-55 
8.9 X 10-55 
13.0 X 10-55 

M/ksm./min. j 

0.5 X 10-55 j 

2.0 X 10-5“ 
3.2 X 10-55 

3.0 X 10-55 

M/ksm./min. 

1.07 X 10-55 
1.15 X 10-55 

5.7 X 10-55 
t 10.0 X 10-55 

min."^ 

3.29 X 10-5 
1.87 X 10-5 
4.63 X 10-5 
6.75 X 10-5 


Average ko = 4.0 X 10”’. 

Average clearance (20 kgm. dog) = SO cc./min. 


Figure 7 and tables 2 and 3 indicate that at very high Prostigmine levels the 
sum of destruction by plasma and excretion by the kidneys can not account for 
more than a portion of the total elimination. But at low and moderate levels 
(less than about 10~’ M/L, or an imcorrected enzyme activity no lower tlmn 
0.30) these two mechanisms do account for the bulk of the Prostigmine 
elimination. 





















NEOSTiaraNE LEVELS AND CHOLINESTERASE INIHRITION 


69 


The latter conclusion is confirmed by the following experiments. After a 
steady state had been established, the continuous infusion was stopped and a 
large sample of arterial blood withdrawn, centrifuged, and the serum incubated 
at 37°. Periodic determinations of enzyme activity were then made on senun 
samples from the animal and from the incubated serum. In this way the eli- 
mination of Prostigmino in the intact dog could be compared with its simul- 
taneous destruction in serum of the same animal. Figure 9 shows the striking 
difference between in vivo and iti vitro Prostigmino elimination. VSTien the ex- 



Fio. 9. Recovehy or Doo Serum CnoLiKESTERAsE Activity in Vivo and in Vitro after 
Dibcontinuation of Prosticmine Infusion 

O In vitro • In vivo 

Obs". ’ . -f:.. . T: ' infusion (2.29 X 10~* 

M/kCT. ■ ■ ■ . ■ ■ .:e sample of arterial 

blooa- :■ ^ ‘ 'Iv incubated. 

periment was repeated in a renal-h’gatcd animal the curves of figure 10 were ob- 
tained, in which the in vivo-in vitro difference in elimination rate is practically 
abolished. At these moderate Prostigmine concentrations therefore, the overall 
elimination is essentially the sum of renal excretion and plasma destruction. 

0 . Hepatic excretion or destruction. Infusions were made into a small vein of 
the portal system and steady states established in four dogs. The infusions were 
then continued at the same rate but shifted to the femoral vein (three experi- 
ments). The uncorreoted results are shown in figure 11. The initial steady 
states are in all cases at a higher activity than usual. A given portal infusion 
rate produces the same effect as a slower femoral infusion, as though the liver 
were steadily intercepting a fraction of the Prostigmine.® Moreover, when each 

* Compare the infusion at 4.77 X 10~“ M/kgm./min. (a pure portal infusion, not shifted 
to the femoral vein) with tho femoral infusion at 3.78 X 10“*® M/kgm./min. in figure 5. 
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infusion is transferred to the femoral vein, there is a consistent decrease of a to 
the usual value. 

Obviously, the liver takes part in the elimination of Prostigmine. We have 
been able to detect appreciable Prostigmine activity in the bile, wliich normally 
does not inhibit cholinesterase, but how much of the hepatic contribution is 
excretory and how much metabolic is not evident. Furthennore, the total con- 
tribution of the liver is far too small to explain the rapid elimination of Pro- 
stigmine at very high plasma concentrations. One must assume from figure 7 
that steady states would result from continuous infusion even if liver and kidneys 
were excluded and the maximal destruction rate by plasma axceeded. The 



Fia. 10. Recoveey op Serum Chomnesterase Activity of Renae-Ligated Dogs in 
Vivo and in Vitro after Discontinuation op Prostigmine Infusion 

O In vitro • In vivo 

The values of a are uncorreoted. The infusion (2.12 X 10~'_M/kgm./injn.) was stopped 
at the time indicated by the arrow. A large sample of arterial blood withdrawn at this 
time was centrifuged and the serum promptly incubated. 

nature of the unidentified disposal mechanisms remains unknown but one might 
surmise that esterases of various fixed tissues play an important role. 

3. Prostigmine elimination during the recovery phase. In six experiments blood 
samples were withdrawn periodically after stopping a continuous infusion, the 
steady state having first been established. The course of recovery of the plasma 
cholinesterase activity is plotted in figure 12. The initial points correspond to 
the steady state values previously established at the infusion rates indicated for 
each curv^e. The data are uncorrected. The observed course of recovery in 
every case is fully predictable from the known rate of Prostigmine elimination 
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INFUSIOK of pROSTIOiimE INTO THE PoRTAL SYSTEM OP DOOS 
The values of a are uncorrectcd. Infusion rates are given in the lower right corner. 
After seven hours the infusions, in three of the experiments, were transferred to the femoral 
vein and continued at the same rate. 



Fig. 12. Recovery op Serum Cholinesterase Activity inDogs after Discontinuation 

OF PnOSTIOMINE INFUSIONS 

The values of o are uncorrected. Figures at the right of each curve refer to the rates 
(M X 10~*Vkgm./mm.) of the infusions which were discontinued at zero time. 
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at each level of enzyme activity (figure 6) and the known increase in activity 
with a given change in Prostigmine concentration (figure 1). 

Intravenous administration of single doses. In the well controlled steady states 
resulting from continuous infusion all the tissues are presumably at equilibrium 
with respect to Prostigmine concentration. TiTiat is the course of the plasma 
Prostigmine level after single intravenous doses, and how quickly is tissue equi- 
librium established? In the following experiments the animals -were not 
anesthetized. 

The single injection of 25 microgm.“ per kgm. into a 20 kgm. dog (0.5 mgm. 
actual dose) resulted in an immediate reduction of activity to less than O.OB. 
The time course of recovery is given in table 4. This single dose depresses 
enzjmie activity below' 25 per cent of normal for six hours and some Prostigmine 
w^ould obviously persist for more than twenty-four hours. Comparison of the 

TABLE 4 


Recovery of plasma cholinesterase aelivity in the dog after intravenous injection of 0.5 mgm. 

Prostigmine methytsulfatc 


tiiiE 

OBSES.\XD a 

CORRECTED fl 

hours 

0 

0.23 

0.015 

1 

0.49 { 

0.065 

2 

0.64 

0.115 

3 

0.65 

0.1 SO 

4 

0.73 

0.165 

5 

0.80 

0.SS5 

6 

0.82 

0.S50 


corrected and uncorrected figures in the table shows how failure to correct the 
data w’ould have distorted both the intensity and duration of the drug action. 

In figure 13 are shown the uncorrected results of three experiments in which 
a single intravenous dose was followed by repeated determinations of serum 
activity. These curves show^ an immediate attainment of maximal Prostigmine 
concentration, an initial phase of very rapid recovery during the first twenty 
minutes, and a subsequent slow'er recovery rate. If a dose of 0.5 mgm. in a 20 
kgm. dog remained entirely within the plasma -water (assumed to be 5 per cent 
of body weight), the Prostigmine concentration would be 1.5 X 10"® M/L and 
the immediate uncorrected acti-vity would be 0.10. If the same dose were then 
distributed uniformly tluoughout all body water (65 per cent of body weight), 
the concentration would be 1.15 X 10"’ M/L and the uncorrected acti-vity -w'ould 
be 0.35. The two lowest curves of figure 13 are therefore reasonably consistent 
-with the hypothesis that following intravenous injection Prostigmine is first con- 
tained within the plasma water and then distributed diuing the subsequent 
tw’enty minutes throughout a considerable volume of extravascular w'ater. The 

Unless othenvise stated, all doses are in terms of Prostigmine mcthylsulfate. 
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recovery rate after the first twenty minutes is comparable in all respects to that 
seen after discontinuing an infusion (cf. figure 12) and the same modes of elim- 
ination are presumed to be operative. 

Oral adminisiralion of single doses. Doses of 15 and 50 mgm. Prostigmine 
methylsulfate were given to two dogs, either in solution by stomach tube or in 
Konseal capsules by mouth. The dogs had previously been fasted tor at least 
twelve hours and were not fed during the experimental period. No anesthesia 
was employed but atropine sulfate was included with the higher dose. 

The uncorrected results of deteiminations of serum cholinesterase activity 
in seven such experiments are seen in figure 14. The peak effect occurred be- 



CnOLINESTERASD ACTIVITT OF DOG3 

The values ot a are uncorrected 

tween 30 minutes and 4 hours depending upon the dose and the vehicle. It 
was reached sooner witli the large than with the small dose. In one of the two 
dogs a given dose always produced a lower activity than in the other, presumably 
reflecting an individual difference in absorption. 

Doses of this order produced a profound inhibition of the serum cholinesterase 
whose activity was in all cases depressed below 0.09. Nevertheless, except for 
salivation and hyperperistalsis, which were readily controlled by atropine, the 
animals seemed quite normal throughout the experiments. Fasciculation” only 
occurred in the single experiment where 50 mgm. were given in solution. 

a The phenomenon referred to here is n generalized fasciculation of muscle groups at a 
distance from the site of injection. 
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From an activity of about 0.03 (0.33 micorrected) the recovery period was at 
least 24 hours. The time course of recovery was entirely comparable with that 
observed after continuous infusions and single intravenous injections. 

An oral dose of 15 mgm. in solution produced a peak effect of about the same 
magnitude as 0.5 mgm. intravenously. This is in accord with clinical observa- 
tion of the imusual discrepancy between oral and parenteral dosage. Consider 
the 15 mgm. dose which produced a minimal activity of 0.288 in two hours 
(figure 14, upper graph). To establish this response by single intravenous in- 
jection would require about 0.5 mgm. To establish and maintain the same level 



HOURS 

Fig. 14. Effect of Single Oral Doses of Prostigmine upon the Serum 
Cholinesterase Activity of dogs 

The values of a are uncorrected. Lowest corrected in vivo activities attained are indi- 
cated on the right. In lower part there are two experiments with 15 mgm. (capsule). 

by continuous infusion would require a rate of 10“® moles per kgm. per min., 
or 0.43 mgm. per hour. (The difference between portal and femoral infusion is 
not great enough to affect this argmnent.) It is obvious that were the drug 
being absorbed from the gastrointestinal tract at this rate, the activity would 
remain at 0.288. Were an amount greater than 0.5 mgm. absorbed initially or 
in any hour, the activity would be reduced helov) this level. Finally, were ab- 
sorption of the 15 mgm. dose extended over many hours, in hourly amounts 
even approacliing this, the recovery period would be significantly prolonged. 
That none of these hypothetical events occurred forces one to the conclusion 
that the bulk of an oral dose is not absorbed at all. 

Pharmaeological actions of Prostigmine. Many investigators have attempted 
to correlate changes in phj'siological function seen in Prostigmine administration 
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with the degree of inhibition of piasma cholinesterase. These attempts have 
been uniformly misleading because of neglect of the dilution effect. Thus sal- 
ivation, miosis, intestinal hyperactivity and even fasoiculation of the skeletal 
musculature have been reported to occur with only moderate depression of the 
plasma cholinesterase activity. When such findings are properly corrected they 
prove to be consistent with our own observations, namely, that no -physiological 
responses appear nniil the plasma cholinesterase is at least 90 per cent inhibited. 
Krayer, Goldstein and Plachtc (6) show’ed that with physostigmine the various 
physiological effects, beginning with intestinal hyperactivity, arc manifested 
only at corrected plasma cholinesterase activities below 50 per cent of normal. 
Because of the different potencies of Prostigmine and physostigmine, how'ever, 
molar concentrations are approximately the same when the plasma enzjrme is 
inhibited 90 per cent by the former or 50 per cent by the latter. 

In our experiments atropine was routinely included to control parasympa- 
thetic actions whenever high Prostigmine levels were expected. In certain cases, 
however, it was omitted. In six continuous infusions no atropine w'as given. 
The highest infusion rate was 7.56 X 10"“ moles per kgm. per min. producing 
a steady state actmty of 0.0S8. In two single intravenous experiments in which 
no atropine was used the lowest activity attained was 0.02S. Despite inhibition 
of 97 per cent of the plasma cholinesterase activity in these eight experiments 
there was no excessive salivation, hj’perperistalsis, urination or miosis. When 
greater inhibition was produced atropine was always present, so it is impossible 
to conclude at what precise points various parasympathetic effects might have 
appeared. 

When a; 15 mgm. dose was given orally and atropine omitted, the results were 
rather variable. In two dogs, salivation, gastrointestinal hypermotility and 
miosis were observed at activities of 0.09 and 0.035. In a third animal at an 
activity of 0.0S5 defecation alone was observed. A fourth dog displayed no 
obvious parasympathetic effects although plasma cholinesterase activity was 
as low as 0.00. 

The continuous infusion of Prostigmine produced no significant change in the 
heart rate regardless of the infusion rate or level attained. Here too, however, 
atropine at the higher infusion rates may have prevented the action. In the 
range 1.34 X 10“" to 7.50 X lO"’" M/kgm./min., where parallel experiments 
were performed with and without atropine, no significant differences in heart 
rate could bo detected. 

In the continuous infusions, at rates just sufficient to produce a steady state 
activity of 0.025, fasoiculation appeared at 0.03 and persisted all the while the 
actirity remained below this point. If a faster infusion was employed the ac- 
tivity could quickly reach a point ns low as 0.005 before fasoiculation appeared; 
then it persisted and upon stopping the infusion did not disappear until the ac- 
tivity had increased to 0.03 again. In no experiment resulting in a steady state 
actimly higher than 0.03 was any fasciculation observed. 

A curious effect was noted at the two highest infusion rates. Fasciculation 
began at once (the activity had already been reduced to O.OO.f) but shortly 
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diminished in intensity and disappeared despite the low steady state activity 
of O.OOS. After the infusion had been stopped severe faseieulation reappeared 
at a level of O.OO 4 and persisted during the recovery period. These experiments 
were discontinued after six hours of recovery, plasma enzyme activity havmg 
risen to 0.01 and faseieulation continuing. The finding that Prostigmine pro- 
duces faseieulation at one concentration and inhibits faseieulation at a higher 
concentration would seem consistent with the known effects of optimal and ex- 
cessive acetylcholine concentration at the muscle end-plate. 

Faseieulation was not observed in any of the single intravenous experiments 
although the activity after distribution of Prostigmine to the extravascular fluid 
reached as low as O.O 4 . When the largest dose (50 mgm.) was given by mouth, 
faseieulation appeared when the activity fell to 0.01, persisted while it fell still 


TABLE 5 

Fasciculalton in the dog after BO mgm. Prostigmine methylsulfate by mouth 


TtitE 

OBSERVED <t 

CORRECTED C 

rASaCUlATZOK 

rnin. 




0 

1.00 


0 

41 

0.41 


0 

67 

0.17 1 


0 

75 

1 


+ 

87 

0.14 

0.006 


117 j 

0.13 

O.OOS 

-t- 

147 

0.14 

0.006 


207 

0.16 

0.009 

-f 

267 

0.20 

O.OIS 


327 

0.22 

I O.OIS 

0 

387 

0.22 

\ o.ots 

0 


further to 0.005, and disappeared during recovery at 0.014- These results are 
shmvn in table 5 and in the upper section of figure 14. 

Thus faseieulation of the skeletal musculature never occurred when the plasma 
cholinesterase activity was higher than 0.03. To produce this degree of enzyme 
inhibition in the plasma requires 1.2 X 10~’^ M/L Prostigmine, which may there- 
fore be considered the minimal plasma Prostigmine level for the occurrence of 
faseieulation. 

It should be evident from the above that inhibition of the plasma cholin- 
esterase per sc is not the cause of any observed physiological effects since the 
constant absence of such effects has been demonstrated in spite of nearly com- 
plete inhibition of this enzyme. This is in agreement with the observations of 
Hawkins and Gunter (12) and of Mazur and Bodansky (13) who found that the 
plasma enzjTne could be almost fully inhibited without apparent consequence. 
The latter authors showed further that in di-isopropylfluorophosphate inhibition, 
toxic manifestations could be related to inhibition of tissue but not plasma 
cholinesterase. 

These findings become intelligible in the light of the fact that tissue cholin- 
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esterases are less sensitive than tlie plasma enzyme to inhibition by Prostigmine. 
The consequence of this sensitivity difference can be illustrated by the behavior 
of cholinesterase of intact dog erythrocytes in the presence of Prostigmine. 

Fresh blood was oxalcitcd, centrifuged and the plasma discarded. The cells were washed 
three times in ten volumes of saline and finally suspended in ten volumes of the usual bi- 
carbonate-Kingen solution, containing varying amounts of Prostigmine. After standing 
overnight at 5®, the determinations were performed as usual except that the acetylcholine 
concentration was one-tenth that previously employed. At this substrate concentration 
uninhibited cell suspensions gave a maximal hydrolysis rate, which wa.s 1.0 raM acctvl 
choline per liter packed cells per minute. 



Fio. 15. iNniBmoN OF Intact Ertthhoctte Ciiounestcrabi: of 
THE Doa BT Prostigmine 

RBC; Erythrocyte suspension, 10%. The curve of best fit to the obse^^’ed dog scrum 
activities of figure 1 is shown for comparison. 

Figure 15 shows the inhibition ciir\’’c thus obtained and, for comparison, the 
best curve through the observed points of figure 1 (serum inhibition). Neglect- 
ing competition, apparent dissociation constants are 5.4 X 10“® for serum, 
2.8 X 10“* for erythrocytes. The two curves, confirming the results of previous 
investigators, show that for a given degree of inhibition the erythrocyte enz3mie 
requires considerably more Prostigmine than the plasma enzyme. If, for ex- 
ample, plasma and erythrocj’te cholinesterases were to be separated by a semi- 
permeable membrane, in the presence of 10~’ M/L Prostigmine, the activity of 
the former would be 0.10, that of tlic latter 0,S5. If the tissue cholinesterases 
whose inhibition must be responsible for observ'ed physiological responses to 
Prostigmine are even less sensitive to the drug than the crythroc3i,e enzyme, 
this differential effect of a given inhibitor concentration would be even more 
pronounced. Thus a rise in Prostigmine level sufficient to cause a small re- 
duction in plasma activity (from 0.05 to 0.01) would induce a disproportionate 
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change (from 0.72 to 0.28) in the activity of a tissue enz3'me one-fiftieth as sensi- 
tive to the drug. 

III. Prostigminc levels and cliolincslcrase mhibition in 'paiimts with myasthenia 
jgravis. 

It was the purpose of the following experiments to determine whether the 
principles established in dogs could be applied in the therapeutic use of Pro- 
stigmine in patients with mj'asthenia gravis. In particular we wished to dis- 
cover whether plasma Prostigmine levels could be reliably established, and if so, 
what relation these levels bore to therapeutic responses; whether the mechanisms 
for elimination of Prostigmine were similar to those of the dog; and whether the 



Fiq. 16. Inhibition of Human Serum Cholinesterase bt Prostigmine 

• Normal subjects O Myasthenic patient 

Serum concentration 10%. NC is the calculated non-competitive curve in the absence 
of acetylcholine. 

large oral doses required led to the same plasma levels as smaller parenteral 
doses. 

The methods employed were those described in the previous sections. Prostigmine 
methylsulfate was infused at 27 different rates in a total of twelve patients on whom the 
diagnosis of myasthenia gravis had been made beyond reasonable doubt. All required 
Prostigmine regularly in oral doses up to 450 mgm. (as the bromide) daily. Prior to each 
Kixperimont the drug was withheld for as long a period as possible (2 to 40 hours) and the 
plasma cholinesterase activity then determined just before each infusion was started. 
The uninhibited activity, taken as the normal for calculating degree of inhibition, was 
obtained by incubating serum at 3S° for 24 to 48 hours. This suffices to restore full enzjTne 
activity by destroying the Prostigminc; yet the sa’me period of incubation does not signifi- 
cantly reduce the normal cholinesterase activity in the absence of Prostigmine. Infusions 
were made into a forearm vein, the drug being contained in a saline solution with 5 per cent 
glucose in a standard hospital intravenous drip apparatus calibrated in drops per minute. 
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Except m three experiments at low infusion rates, atropine sulfate was included in the 
amount of 0 Imgm perragm Prostigmme mcth\lsulfate which pro\ed sufTicient to prevent 
toxic parasvmpathctic effects 

In order to translate ob''Cncd inhibition to pla‘5ma Prostigmme concentia- 
tion it v\ as necessary' to establish an m intro inhibition cur\ c corresponding to 
the dog seium cura e of figure 1 This is seen m figure IG, where the solid circles 
represent serum from three normal subjects (two male, one female) and the open 
circles senim of a mj asthenic patient (A J B , female) The curves obtained 
are identical, within experimental error, for male and female, and for myasthenic 
and normal semm This is m accord with the findings of other investigators 

TABLE G 

tn/u3iou of Prosttgmme mcthyhulfatc in a myasthentc patient 

J V Male D2Kgm 

Regular dose 450 mgm Prostigmme bromide dadj 

Last dose 30 mgm at —7 hours 

Normal serum cholinesterase activitj 240 mM per liter per hour 


11 2MS ijnru8io*< sate 29 y/zev /ni witb 
ATROPDTS 5UirATE 2 9 y/za\t /az 

11 29-45 mnjsiov EATE 100 y/Kcu fez 
w rrn ateomve strLFATE 10 -y/EOSi /h» 

Time 

Observed a 

Remerks 

Time 

Observed a 

Remark* 

nin 



mtit 



0 

0 834 

Start infusion 

-9 

0 629 


60 

0 SS5 


0 


Start infusion 

107 


Fasciculation 

40 


Fasciculation 

117 

0 620 

Fasciculation 

66 

0 444 

Fasciculation 

182 

0 502 

; Fasciculation 

120 

0 410 

Fasciculation 

241 

, 0 4S5 

Fasciculation 

ISO 

0 390 

Fasciculation 

344\ 

Oj 


Stop infusion 

241 

0 419 

Fasciculation 

60 

0 741 

No fasciculation 

309 

0 3S9 

Fasciculation 

113 

0 976 


312\ 

of 


Stop infusion 




61 

0 634 

Fasciculation continues 




117 

0 531 

No fasciculation 


The competition and dilution effects are seen with human as with dog serum, 
the non competitive curve is shown as the solid Ime of figure 16 It will be ob- 
sen ed that human plasma cholinesterase is about four times less sensitive than 
the dog enzyme to inhibition by Prostigmme In dog serum the dissociation 
constant of the enzyme-Prostigmine complex is 3 89 X 10“®, the constant here 
is 1 G X 10~® Figure 16 is used to correct the expenmental data to tn viio 
conditions and to convert fractional activity to Prostigmme concentration 
In myasthenic patients, as m the dog, steady state levels could be estabhshed 
by infusion of the drug at a constant rate Data from two representative ex- 
periments are summarized in table 6 and a typical protocol is reproduced in 
table 7 If the data of these tables be plotted graphically it will be apparent 
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that the time course of the establishment of levels is entirely comparable to that 
seen in the dog experiments (cf. figure 5). 

At the start of an infusion the cholinesterase actinty was, as a rule, below 
normal; some of the Prostigmine last ingested had not been completely elimi- 

TABLE 7 

Effects of Prostigmine infusion -upon manifestations of myasthenia gravis 

A. J. B. Female. 50 kgm. 1-28-44. 

Regular dose; 360 mgm. Prostigmine bromide daily. 

Last dose; 15 mgm. at 12 midnight. 

Normal serum cholinesterase activity: 25S mM per liter per hour. 

Calibration: 44 drops per min. = 3 cc. per min. 

Infusion solution: Prostigmine raethylsulfatc 10 mgm., atropine sulfate 1 mgm. in 1500 
cc. 5 per cent glucose in saline. 


i 

! 

OBSEfi\TD a 

1 

DSOPS TEft 
Ml-VTTE 


9:30 AM. 

9-.55 

10:00 

o.so 

1 

i 

[ 1 

40 

Feels very weak. Cannot wrinkle brow or purse lips. 

Bares teeth poorly. Eye-closing weak. Grip poor. 
Infusion started, 3 co./min. » 24 y/kgm./hr. or 
1.20 X 10*’ M/kgm./min. 

10:11 1 

1 

10:13 

‘ ) 

1 

1 1 

1 

41 1 

i 

44 

Considerable improvement in eye-closing, tongue- 
protrusion. Grip slightly stronger. 

10:55 

0.565 

i 

I hour. All tests much improved. Can whistle. 

11:55 

0.500 

44 

2 hours. Eating lunch. Feels strong. Mild griping. 

1:05 P.M. 

i 

i 

j O.SIO 

1 

1 

43 

i ' 

1 j 

S hours, 10 inin. Griping passed off. Ate without dif- 
ficulty, then talked a groat deal. Now her tongue 
feels tired and speech is a little thick. Eye-closing 
and masseter strength remain good. No fascicula- 
tion. 

1:53 

1 0.494 

1 44 

/f hours. Speech cleared up on resting. 

2:65 j 

1 

^ 0.50S 

1 

43 

S hours. Strength tests and subjective state remain 
good. Infusion slopped. 

3:25 j 

1 o.osr j 

1 i 


SO mins. Can no longer purse lips. Ei'e-closing may 
be a little weaker. 

3:55 

1 0. 705 i 

i 


1 hour. AH tests weaker now. Eye-closing much 
weaker. 

4:25 

i 

j 

1 0.855 

i 

1 hour, 30 mins. Feels very weak but not as weak as 
at 9 A.iM. All tests about the same as before infu- 
j sion. 

4:55 

j O.SoO 


1 S hours. 


nated. In the patient vith the clinicalli' mildest disease, who ivas on the smallest 
regular dosage, the drug had been withheld for 40 hours and the cholinesterase 
activity had returned to normal by the start of the experiment. Since most 
patients could not forego Prostigmine for manj' hours, the initial uncorrected 
enzjTne activities varied between 1.0 and 0.60. 
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Despite the residual Prostigmine level, the steady state activities reached with 
a given infusion rate were always higher (less inhibition) than in the dog, as 
illustrated by the data of table 8. These differences can be explained fully by 
the difference in sensitivity of the two plasma enzymes. 

In figure 17 steady state activities (uncorrected) have been plotted against 
infusion rates, and the best line through the points is shown corrected to in vivo 

TABLE 8 


The effect of ProsliQjnine infusion rate upon serum cholinesterase aethity in dogs and 
myasthenic patients 


&ATC 

j DOCS 

1 TATIENTS 

Observed a 

Corrected a 

Observed a j 

Corrected a 

il/ktm /nxn. 

1 X lO-'f 

0.70 1 

0J7S 

O.DO 

o.U 

1 X io-» 

0.31 

0.026 

, 0.55 

0.165 



Lee Kate of infusion <tuuiNATioN) [uoles/rq/hin] 

Fig. 17. REi-ATioNsmp of Steady State Cholinesterase Activity to Rate of 
P nosTionNE Infusion in Myasthenic Patients 

The ^ints represent uncorrected values of a. There arc two identical points at (—8.80, 
0.42). The curve of best fit is shown corrected to tn vivo conditions in the lower curve. 

conditions. Thus actual cholinesterase activities were reduced to about 0.45 
at the lowest and 0.03 at the highest infusion rate. The rates employed were in 
the range 1.0-52.0 X 10“'’ M/kgm./min. or 0.1-C.5 mgm. per hour. Compari- 
son with the analogous figure G reveals that any infusion rate produces a 
greater inhibition of the plasma cholinesterase in the dog than in the patient. 
Here a steady state activity is predictable from the infusion rate with an ap- 
proHmate standard error of ±0.087 (of. footnote 2). The unusual scatter of 
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the points in figure 17 can not be attributed with certainty to a patient-to-pa- 
tient variation. Possible sources of error are the presence of differing concen- 
trations of preidously absorbed Prostigmine, and the practical impossibility of 
maintaining every infusion long enough to be certain a true steady state equi- 
librium is reached. 

While there is a striking difference in the enzyme activities established in dogs 
and in patients, the Prostigmine concentrations are actually the same. Figure 
18 shows (solid circles) the rates of infusion (or elimination) plotted against 
Prostigmine concentration in patients, and on the same figure (open circles) a 
portion of the analogous figure 7 (dogs). For all practical purposes the two sets 
of data are identical. 



LOG PROSTIGMINE CONG. 

Fig. 18. Relationship of Eumination Rate to’thb Steady State PROsncinNE Level 

IN Myasthenic Patients 

Ordinates: Moles per kilogram per minute. Abscissae: Moles per liter. 

• Myasthenic patients. O Dogs (from figure 7) 

The curves presented here enable one to understand the nude range of doses 
required in clinical practice. If the dose of Prostigmine is doubled successively, 
for example, the plasma Prostigmine level also increases geometrically (figure 
18), but per cent inhibition of the plasma enzjune only increases by arithmetic 
increments (figures 16, 17). This phenomenon is not peculiar to the plasma 
cholinesterase. It is implicit in any curve of enzyme inhibition which assumes 
a sigmoid shape on a semi-logarithmic plot. 

We have shoivn that a ^ven infusion rate establishes a predictable steady 
state drug level which is the same in the myasthenic patient as in the dog. Con- 
versely, at a given plasma Prostigmine concentration the overall elimination of 
the drug proceeds at the same rate in patient and dog. This suggests that the 
various disposal mechanisms may be the same in both cases, but direct proof 
would be required. Furthermore, it is not luiown whether normal human sub- 
jects would jdeld similar curves. 
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During tbo course of the infusions nil the patients sliowed improvement in 
their status with respect to facial expression, ability to swallow, voluntaiy muscle 
strength, and sense of well-being (see table 7). But the level at which improve- 
ment occurred varied from patient to patient. Those who had required the 
largest daily doses for control of their symptoms and whose wealuiess was the 
most severe, also needed a higher plasma Prostigmine level (lower a) for the 
relief of symptoms during infusions. For ex-ample, the patient (J. V.) who had 
taken 450 mgm. daily was unable to speak without slurring at the start of the 
e.vperiment, although his plasma cholinesterase activitj’- was only 0.10. When 
the steady state level of O.OSB was reached his symptoms were much improved. 

In three infusions without atropine, levels of 0.07, 0.066, and 0.035 were 
reached without undesirable parasympathetic actions or discomfort of any kind. 
In a fourth infusion, atropine had to be given to relieve severe griping abdominal 
eramps at a level of 0.0J,. In the remaining e.xperimenls atropine was included 
routinely so it is impossible to fix definite levels at which the various undesirable 
effects of Prostigmine might have occurred. It was our impression that in- 
testinal hsrperaotivity is first to occur, in tlie absence of atropine, but only when 
the Prostigmine level is high enough to reduce the plasma activity below 0.10. 

The relation of fasoieulation to plasma Prostigmine concentration was con- 
sistent in each patient but variable from individual to individual. Fascicula- 
tion occurred in she different experiments. The highest activity at which it was 
observed was 0.065, corresponding to a Prostigmine concentration of 2.7 X 10~’ 
M/L. (cf. 1.2 X 10"’ M/L in the dog.) 

Wo were interested in the clinical implications of the finding that Prostigmine 
administered orally to the dog is largely unabsorbed. It was possible to show 
tliat this was also true in a patient who was taking 330 mgm. Prostigmine bromide 
daily by mouth prior to thymectomy and was then maintained post-operatively 
by intravenous infuaon of 12 mgm. Prostigmine mcthylsulfate daily. In the 
preoperative period the plasma Prostigmine levels were just detectable by our 
assay method. The lowest activity recorded was 0.18 (0.800 uncorrected), 
corresponding to 8.15 X 10"' moles per liter scrum. This is the level to be ex- 
pected from the continuous infusion of 6.5 microgm. per kgm. per hr., or 7.2 
mgm. per day in this particular patient. Evidently no more than one-thirtieth 
of the dose entered the blood stream. Of the 330 mgm. actually ingested, only 
1.1 mgm. could be found in the 24-hour urine, and 2.5 mgm. in the stool. Fur- 
ther, since fecal Prostigmine content was negligible, the material must have been 
largely inactivated in the gut. The sole alternative possibility, that this patient 
might somehow have required an extraordinarily high absorption of the drug to 
produce the observed degree of inhibition, was ruled out on the first post-op- 
erative day when the predicted plasma Prostigmine level (1.1 X 10"’ M/L) and 
activity 0.16 (0.753 uncorrected) resulted from an infusion rate of 0.5 mgm. 
per hour. On this day 3.54 mgm. were detected in the urine. The renal ex- 
cretion rate proved closely comparable to that found in the dog, the clearance 
being approximately 100 cc. per minute. 
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SUMSIART AND CONCLDSIONS 

I. The behavior of the cholmesterase-Prostigmine-acetylcholine system was 
investigated in the serum of dogs, normal humans and myasthenic patients, and 
in dog erythrocytes. 

1. Prostigmine inhibits both human and dog serum enzymes and the inhi- 
bition is competitive with respect to acetylcholine. 

2. Dog serum is more sensitive to the drug than is human serum; the respec- 
tive dissociation constants are 3.89 X 10“® and 1.6 X 10~®. 

3. The cholinesterase of intact dog erythrocytes is about seven times less 
sensitive to Prostigmine than is the dog serum enzyme. The dissociation 
constant is somewhat smaller than 2.8 X 10“®. 

4. Serum cholinesterase from the myasthenic patient behaves lilie that of nor- 
mal subjects with respect to hydrolysis of acetylcholine and inhibition by 
Prostigmine. 

5. Prostigmine is destroyed enzymatically. Its turn-over number is >0.0018 
per minute, that of acetylcholine > 100000 per minute. 

6. By measuring serum cholinesterase inhibition one can assay Prostigmine 
at a minimal concentration of 0.006 micrograms per cc. in dog serum and 
0.024 microgm. per cc. in human serum. 

II. Prostigmine was administered to dogs by continuous intravenous infusion, 
and in single doses intravenously and by mouth. 

1. Constant, predictable inhibition of serum cholinesterase, representing defi- 
nite Prostigmine levels, can be produced by infusing the drug at a fixed 
rate. 

2. Disposal of the drug depends upon its concentration m the body fluids. 
At low levels it is largely destroyed by the plasma and partially excreted 
by the kidneys. At intermediate levels renal excretion plays a predomi- 
nant role. At high levels other elimination factors come into play; these 
include excretion by the liver, and probablj’- destruction by fixed tissue 
cholinesterases. 

3. Renal excretion of Prostigmine is linearly dependent upon the plasma level, 
and the clearance rate is about 100 cc. per minute. Prostigmine is there- 
fore probably excreted passively by glomerular filtration. 

4. Administered orally, only a fraction of the total Prostigmine is absorbed. 
The remainder may be inactivated in the gastrointestinal tract. 

5. Physiological changes do not appear until the Prostigmine level is high enough 
to produce almost complete inhibition of the plasma enzyme. At these 
levels, however, tissue cholinesterases are not inhibited to a comparable 
degree. 

III. Prostigmine was administered by continuous intravenous infusion to pa- 
tients with myasthenia gravis. 

1. As in the dog, predictable Prostigmine levels can be achieved by infusion 
at a constant rate. The relation of drug level to infusion rate, the overall 
elimination rate, and the renal clearance are approximately the same as in 
the dog. 
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2. To depress the plasma eholinesterase activity in equal small steps requires 
dose increments Tvhose magnitude increases exponentially. This should 
also be true of the inhibition of tissue cholinesterases. The verj- rvide 
range of doses required clinically can thus be explained. 

3. Parasympathetic side^iffccts (in the absence of atropine) and fasciculation 
of skeletal muscle do not appear until the plasma cholinesterase is almost 
completely inliibited. 

4. Objective and subjective improvement in each myasthenic patient appears 
to require a definite plasma Prostigminc level, which is determined by the 
severity of his disease. 

5. As in the dog, Prostigminc is only partially absorbed when administered 
orally. Plasma Prostigminc levels explain the clinical finding that an oral 
dose has the elTect of about one-thirtieth its weight given parenterally. 
Limited data show that recovery from the stool is negligible. Conse- 
quently the drug is largely inactivated in or by the gastrointestinal tract. 

6. The inhibition of plasma cholinesterase is a convenient indicator of the 
Prostigminc concentration. It is quite clear that inhibition of this plasma 
enzyme bears no c.ausal relationship to the pharmacological actions of Pro- 
stigmine. Wo suggest, however, on the basis of the data presented here, 
that an effective Prostigmiue concentration at the neuro-muscular junction 
demands a definite corresponding dnig level in the circulating plasma, and 
that tills level may bo measurable by its elTect upon the plasma 
cholinesterase. 

We are indebted to Dr. Oliver Cope and Dr. Henry R. Viets for their coop- 
eration in making patients available for study. It is a pleasure to aclmowledge 
the sldlled technical assistance of Mr. Henry W. George and Mr. Louis Harris. 
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The preeminence of the cardiac actions of digitalis bodies is to be attributed 
lo phenomena of two different lands: to a specific sensitivity of cardiac muscle 
to the pharmacological actions of the glycosides, and to a selective storage by 
the heart. The intervention of the latter factor, denied by Hatcher and Eggleston 
(1), has received experimental support. The heart, which represents less than 
one per cent of body weight, takes up approximately ten per cent of administered 
digitalis bodies (2). Moreover, the dose required to produce effects on the 
isolated heart is much greater than the amount, assuming a uniform distribution 
of the drug, to wliich the myocardium would be exposed after an effective dose 
in the intact animal (3). 

Despite many theories, the cause of the selective storage of digitalis bodies by 
the heart has not been settled. Without excluding the existence of chemical (4) 
or physical (5) affinities intrinsic to the myocardium, it is necessary to analyze 
other conditions peculiar to the heart which might contribute to the explanation 
of its selectivity. For example, the rich blood supply to the heart might result 
in its receiving a greater amount of drug. This is corroborated by Weese's evi- 
dence (6) that the Iddney, whose abimdant blood supply is comparable to that 
of the heart, takes up an amount of digitalis glycoside per gram of tissue equal 
to that stored by the heart. 

In the course of a study of the actions of k-strophanthoside on mammalian striated 
muscle (7), del Pozo observed that the amounts of drug tolerated by cats on 
intra-arterial injection were greater than the lethal doses calculated from the 
results ordinarily obtained vith Hatcher and Brody’s method (8) of bio-assay. 
As this method calls for the intravenous injection of the drug, it seemed to us 
that the fact that in our experiments the drug first passed through the peripheral 
tissues might determine a greater storage of the glycosides by these tissues, and 
therefore a gi'eater tolerance of the animal (9). However, the additional fact 
that in those experiments some of the skeletal muscles were active suggested 
the possibility that the work of the muscles might increase their capacity for 
storage. Such an hypothesis would have a bearing on the selective storage of 
digitalis bodies by the heart, which is in constant activity. This paper describes 
the results of experiments in wliich the influence of the route of injection and of 
muscular work on the lethal dose of k-strophanthoside is analyzed. 

' With economic aid from the Direecion de Cooperacion Interamericana de Salubridad 
Publica. 

* School of Public Health and Hygiene, Me.xico, D. P. 
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^Ietuods. The lethal dose of k-strophanthoside solution was determined on cats weigh- 
ing between 2 and 3 kgm. The majority of the animals were males (69 in a scries of SO). 
The few females used were neither pregnant nor in puerperium. The animals selected were 
all apparently healthy. Those which were too fat or too thin were discarded. The cats, 
after fasting for approximately twenty-four houre, were anesthetized with 0.7 cc. of Dial 
(Ciba) per kgm. of body weight. A tracheal cannula was always inserted, to be used in 
ease artificial respiration became neccssarj\ 

Forty of the 80 cats used received the drug while their sciatic nerves were being stimu- 
lated, and 40 received it while at rest. 

Half the cats in each group received the glycoside by intravenous injection, and the other 
half by intra-arterial injection. In the former ease the drug was injected either into a 
jugular or into a saphenous vein; in the latter, it was injected into the aorta by means of 
a retrograde cannulation of tho peripherally ligated inferior mesenteric artery. The 
solution was given from a sealed flask containing the glycoside, which w’as displaced by 
corresponding amounts of mercury passed intermittently or continuously from a graduated 
burette. 

The speed of injection was so regulated that 0.2 mgm. of k-strophantUosidc per kgm. 
of body weight was administered in 45 minutes. This was continued at a uniform rate until 
the death of the animal. 

In order to avoid death from respiratory failure, artificial respiration was given as soon 
as any irregularities in the respiratory movements appeared. 

In every ease a continuous record of arterial pressure was taken by means of a mercury 
manometer connected to the carotid artery. A fall to zero of tho arterial pressure was 
taken as the end point of tho experiments. 

In the experiments with muscular work, the sciatic nerves were cut below the point where 
the branches to the hamstrings leave the main trunk. These branches and the crural 
nerves were also cut. Shielded electrodes were placed on the distal segments of both sciatic 
nerves and maximal electric stimuli were applied at n frequency of five to si.x per second. 
The stimuli were condenser discharges with frequency controlled by thermionic tubes. 
In some experiments drills were inserted into the tibia to fix the limb, the Achilles* tendon 
was separated from its bony attachments and connected to a tension myograph and the 
muscular contractions were registered. 

The k-stropbanthoside* was used in a 1:50,000 solution in 0.85% NaCl, and freshly pre- 
pared for each experiment. 

The hearts were weighed after removing the pericardium, the large vessels and the blood. 
In some experiments the muscles innervated by the stimulated portion of the sciatic nerves 
w’ere weighed. The values thus obtained were compared with tho body weights of the 
corresponding animals. 

Resui/ts. Tho average lethal dose per Idlogrom of body ■weight for the ani- 
mals "without muscular ■work was 0.250 mgm. for those injected intravenously 
and 0.244 mgm. for those injected intra-arterially. On the other hand, the 
average for the animals with muscular work was 0.270 mgm. for the intravenous 
series and 0.276 mgm. for the intra-arterial series. The values for the individual 
experiments, the standard deviations, and the standard errors are included in 
table 1. 

The average time in which the animals -without muscular work died was 56.4 
min. and 54.4 min. respectively for those injected by vein and those injected by 
artery, and 60.45 min. and 62.75 min. for the corresponding groups with mus- 
cular work. The individual values arc also included in table 1. 

» The k-strophanthoside used in these experiments was kindly provided by Sandoz de 
Mexico, S. A. 
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TABLE 1 

Lethal doses of k-slrophanthoside for cats, with or without muscular work, receiving the 
drug by intravenous or intra-arterial injection 


IKtSAVENOOS INJECnON 


INTItA-AlttEEIAI. mjECTION 


Experiment number 

Body 

weight 

Time 

Lethal 

dose 

Experi- 

ment 

number 

Body 

weight 

Time 

Lethal 

dose 

Animals without work 


ijm. 

mtfi. 

wjm. per 
Hm. 


igm. 

min. 

mtm. per 
kzm. 

34 

2.5 

60 


14 

2.8 

58 

0.258 

36 

2.1 

69 


15 

2.9 

56 

0.249 

38 

2.05 

51 

0.228 

16 

3.1 

62 

0.276 

39 

3.1 

60 


17 

2.55 

59 

0.263 

40 

2.0 

58 

E^ 

19 

2.55 

61 

0.263 

41 

2.0 

52 


21 

3.1 

44 

0.187 

42 

2.45 

72 

0.269 

22 

2.4 

50 

0.222 

43 

2.75 

55 

0.240 

23 

2.7 

48 

0.213 

44 

2.5 

56 

0.244 

24 

2.45 

69 

0.277 

46 

2.6 

60 

0.254 

25 

3.1 

36 

0.232 

47 

2.65 

53 

0.234 

55 

2.4 

58 

0.256 

48 

2.65 

40 

0.175 

56 

3.0 

54 

0.240 

49 

2.8 

54 

0.238 

57 

2.9 

57 

0.252 

50 

2.6 

60 

0.272 

58 

2.5 

53 

0.236 

54 

2.5 

52 

0.230 

58b 

2.83 

49 

0.208 

87 

2.8 

72 

0.321 

100 

2.7 

55 

0.241 

88 

2.85 

41 

0.181 

101 

2.5 

61 

0.268 

89 

2.4 

45 

0.265 

102 

2.45 

62 

0.277 

90 

2.4 

56 

0.248 

103 

2.65 

51 

0.229 

105 

2.85 

62 

0.272 

104 

2.55 

55 

0.241 

Averages 

2.53 

56.4 



2.71 

54.4 


Standard deviation 



0.0351 




0.0230 

Standard error 








Animals with work 

68 

2.7 

66 


20 

3.0 

60 


69 

2.8 

40 

0.177 

27 

2.5 

68 


70 

2.5 

51 

0.224 

29 

2.6 

70 


71 

2.5 

65 

0.286 

30 

2.25 

60 

0.271 

72 

2.9 

63 

0.280 

31 

2.3 

73 

0.322 

73 

2.7 

70 

0.311 

52 

2.85 

74 


74 

2.45 

56 

0.250 

53 

2.85 

61 

0.272 

75 

2.7 

81 

0.360 

61 

2.5 

01 

0.269 

76 

2.15 

64 

0.284 

62 

2.35 

65 

0.286 

77 

2.15 

65 

0.287 

64 

2.9 

58 

0.258 

78 

3.0 

67 

0.296 

64b 

2.3 

55 

0.250 

79 

2.15 

47 

0.209 

65 

2.3 

56 

0.250 

80 

2.5 

60 

0.265 

66 

2.55 

57 

0.254 

81 

2.4 

60 

0.266 

68b 

3.0 

55 

0.244 

82 

2.4 

58 

0.258 

91 

2.7 

55 

0.222 
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TABLE 1 — Contimicd 


:VTRA\'EVOUS ISJTCIlQ'f ! 

j INTRA ARTERIAL INJECTION 

Experiment number 

Body 

eight 

Time 

UthiX \ 
dose ' 

1 

Eepen 

ment 

number 

Body ' 
A eight 

1 

Time 

1 

Lethal 

dose 


AnimMs uith work 




niN 

mjM ptr 
ktm 


kgm 

mm 

mgm per 
kgm 

85 

2 8 

58 

0 257 

02 

2 25 

54 

0 240 

86 

2 9 

59 

0 202 

95 

2 85 

04 

0 280 

106 

2 55 

G4 

0 281 

07 

2 65 

80 

0 377 

107 

2 85 

56 

0 250 

OS 

2 9 

44 

0 194 

lOS 

2 05 

09 

0 301 

99 

2 4 

79 

0 343 

Avenges 

2 SO 

60 5 

0 2700 


2 GO 

02 8 

0 2759 

Standard de\intion 



0 0379 




0 0412 

Standard error 



0 0087 




0 0094 


In nil the cases m Mhith the mii‘?culai icspon^cs \\crc registered, the nmphtude 
of the conti actions climmished gradualh , and sometimes completely disappeared 
(fig 1) The complete disappearance of muscular response uns observed in 
the case of tho«o animals that tolerated large doscs of the gl> coside Muscles 
■nhicli woie not being contimioiisl) stimulated ucic able to lespond nith normal 
amplitude o\on at the end of the mti a arterial injection of the lethal 
dose (fig 2A) 

The reduction in the amplitude of the muscular responses uas more rapid 
Mhen the drug was injected bj arten (fig IB) than when it was injected by 
vein (fig lA), judged b} the fact that the contiactions fell to 60% of the in- 
itial amplitude much sooner m the first case than in the second Howevei, 
complete inexcitabiht j w as reached at about the same time 
The aaerage weight of the hearts, fiom SO animals, was 10 19S giams (arith 
metic mean) with standard deiiation for the senes of 2 03 grams The nrerage 
body weight in the same group of animals was 2 021 hgm with a standard de- 
aaation of 0 329 hgm These figures lepresent a standard deviation of 19 9% 
for the heart w eights, and 12 5% foi the body w eights Complementing tins 
marhed difference in deriations, no coiiclation was found between the body 
weight and the weight of the heart Tlie coefficient of correlation was 0 05 
Vomiting, commonly pioioked by digitalis piinciplcs in this tjpe of e\pen- 
ment, was obsened in 35% of the total numbei of cats A larger peicentage of 
animals vomited in the senes injected intravenously (47 5%) than in the senes 
mjccted intra arteriallj (25%) Moreover, in both senes, the cats wath con- 
tinuous muscular activity v omited less frequently (27 5%) than those with no 
muscular work (45%) 

Discussion The method we have used to determine the lethal doses does 
not meet the specifications of official methods of bio assay foi digitalis bodies 
The differences in the methods emplojed preclude a comparison between the 
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average lethal dose, 0.247 mgm., for our series without muscular work and the 
figure, 0.127 mgm., obtained by Rothlin (10) with the same glycoside. Mac- 
Donald (11), using Dial as anesthetic, found an average lethal dose of 0,357 mgm. 
for Strophantin (B.P.), with 31 minutes as the average time of injection. Even 
though the time in which the drug is injected has a considerable influence on the 
magnitude of the lethal dose, this factor apparent^ does not contribute to the 
e.xplanation of the difference between our values and those of Rothlin. The 



Fig. 1. PnoGREssivB Changes in the Amputude op Muscclar Contractions during 
THE Continuous Injection of K-Stbophantiiosi»e 

Cats under Dial anesthesia. Upper tracing: blood pressure. Calibration in mm, of 
mercury. Lower tracing; contractions of ■ ' . ’ ’ . < . • muscles upon 

indirect stimulation at a frequency of 5 per . ■ 1 sec, intervals. 

In both A and B the segments correspond to a, 10 min., b, 30 min., c, 50 min., rl, 64 min, 
and c, 67 min. after the beginning of the injection of the k-strophanthoside. 

A. Intravenous injection. 

B. Intra-arterial injection, 

dose becomes greater when the time of injection is reduced (12), and Rothlin's 
determinations were made using times shorter than ours. 

Contrary to what was e.\pected, the lethal doses obtained upon injection by 
vein and by artery were similar. It had been supposed that the intra-arterial 
injection of the drug would determine a greater storage by the skeletal muscles 
receiving the drug directly, resulting in a smaller remainder to be taken up by 
the heart and a correspondingly greater lethal dose. Such inferences were justi- 
fied by the results of Weese (6) who used the method of complementary doses. 
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lie found that the hearts of cats to which an initial dose of digitoxm had been 
injected into the aorta at the lc\cl of the left subclavian artciy tolerated, m heart 
lung preparations, additional amounts of gl 3 "coside, which clcaated the heart’s 
total tolerance to 170% of that which would coricspond to an intra\enous in- 
fusion ^Iorco^e^, Lhotak (13) repotted a greatci lethal dose foi digitoxm 
upon injection by cnual artery than upon injection by femoial \ein Howexer, 



rio 2 AbsencfopI AiLiN THE Amplitude oftheCostbactioss op Muscles Receimno 

Iv STBOniANTnOaiDE BY IXTRA ArTEIUAL InjLCTIOS but sot BeINO COSTIMOUSIY 

SlIMUl*ATED (A), A^D 01 MOBCLES WniCII WerE BcinO CoNTISLOUSl Y STIMULATED BUT 

Wmea Received 2s o K Stropiianthoside (B) 

Cats under Dnl anesthesia Tracings of blood pressure calibrated in mm of mcrcur\ , 
and of the contractions of ' stimulated indircctlj 

at a frequenc> of 5 per sec 

A The muscles \sere € s of time a 1 min 

after the beginning of the injection of K. strophantbosidc 51 min later the first period 
of stimulation, 4 min before the animal’s death, the second, immediatelj after cardiac 
arrest 

B The muscles of the left leg (lower tracing) were stimulated continuouslj , those of the 
right leg (upper tracing) were stimulated mtermittenth a Beginning of stimulation 
6 120 minutes later c Srainutes later Between i> and c the blood pressure was lowered 
by bleeding 

m our expenments equality of lethal doses for the animals injected by vein and 
for those injected by artery was observed m the animals xvithout muscular work, 
as well as m those subjected to it The statistical significance of the difference 
between the doses for the animals injected by xem and those for the animals 
mjected by artery was 0 013, a value so low as to imply practical equality for 
the two senes 

The equality m the doses by either route of administration, in the case of the 
animals without muscular work, could be interpreted as indicative of a negligible 
storage of k strophanthoside by striated muscle However, this interpretation 
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cannot be applied to the series of animals ■with muscular work, for the increase 
in the lethal dose may be interpreted as evidence of the storage of an appreciably 
greater amount of k-strophanthoside by the muscles activated. On the other 
hand, whatever the amount of glycoside taken up by the muscles may be, if the 
failure of the heart is secondary to a slow or fast, but similar, saturation of those 
muscles, the lethal dose should be the same independently of the route of ad- 
ministration. 

In the e.xperiments -irith muscular work, the amplitude of the muscular re- 
sponses fell much more rapidly in the animals injected by artery than in those 
injected by vein. This observation is in apparent contradiction with the equality 
of lethal doses found when one or the other of the routes of administration was 
used. However, as eventually muscular contractility disappeared completely 
or almost completeljq it can be assumed that sooner or later the muscles reached 
a similar degree of saturation. 


TABLE 2 

Analysis of the influence of the route of injection and of muscular activity on the lethal dose 

of h-strophanthosidc for cats 


1 

j 

^OUTE or ISJECIIOS’ 

muscular activity 

Vein 

Arterj 

Without 

[ AA'ith 

Average lethal dose 

0 2509 

0 2600 

^ 0.2170 


Standatd deviation. 

0.03626 

0 03360 

! 0.02965 

1 0.03956 

Standard error 

0 00573 ! 

0 00531 

0.00468 

0.00625 

Significance of difference 

0 013 j 

3.329 


The failure of muscular response in the observations here described, and the 
inexcitability of directlj^ stimulated muscles already reported (9), must be due 
to an action of the digitalis bodies, for, in normal conditions, the muscles in 
question continue to respond for many hours (fig. 2B) to the frequency of 
stimulation employed (14). 

If the me's;eitability of striated muscle means saturation Avith glj^coside, as the 
equality of lethal doses for the arterial and the venous routes suggests, the ca- 
pacitj' of the muscle for storage of the drug is probably independent of the con- 
centration in which it is received. This property Avould be similar to that 
described for cardiac muscle b3' Weese (3). In both cases the concentration of 
the administered glj’coside Avould only determine the rate of storage, but not 
the total amount taken up. 

In AueAA' of the fact that no significant statistical difference AA'as found bet\A'een 
the lethal dose deteimined bj' intra-arterial injection and that determined by 
intravenous injection, the total number of animals with no muscular Avork can 
be compared directlj^ Avith the total number AAUth muscular actiA’itj'. Thus con- 
sidered, the aA^erage lethal dose was 0.273 mgm. ± 0.00G25 (S.H.) for the ani- 
mals AA-ith Avork, and 0.247 mgm. ± 0.00468 for those AAithout. The statistical 
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ignificance of the difference between these scries, by the "t” test, was 3.32, which 
acans that the Ictiial doses for the animals with work were significantly higher 
ban those for the animals without muscular activity. 

The increase in the work of the heart which could result from muscular exercise 
Tould bo expected to make the values for the eats in activity smaller; in our 
ihservations they were greater. Apart from this, Farah (15), using heart lung 
ircparations, found tliat the lethal dose for g-strophanthin is independent of 
the amount of work done by the heart. 

The difference between the average lethal dose for the animals xvith and for 
those without muscular work, 0.026 mgm., may be taken as the amount stored 
by the muscles as a result of their activity. That tliis amount would represent 
a not unimportant storage is evidenced by the fact that the muscles activated 
were only 2.8% of the body weight. Ko statement of the mechanism of such 
possible increased storage can bo made. Changes in blood supply and in per- 
meability, brought about by exercise, may be of importance. 

These results could have a definito bearing on the e-xtraordinary ability of the 
heart to take up digitalis glycosides, given the fact that the heart has an abun- 
dant blood supply and is constantly in activity. The results of Farah’s work 
(12) in no way invalidate tliis assumption, tor he compared only the storage by 
the heart while in different grades of activity, but did not determine the storage 
while at rest. 

No figures relating lethal dose and heart weight are given because the corre- 
lation found was not significant. The coefficients of correlation for the series 
with work and that without were 0.64 and 0.72 respectively. This seems to 
agree with the fact that the heart stores only 10% of administered digitalis 
bodies (2), and with the absence of correlation between the weight of the heart 
and that of the body. These results are not in agreement with Chen’s report 
(16) of close correlation between heart and body weights in cats. 

SUUMABY 

The lethal dose of k-strophanthoslde was determined in 40 cats subjected to 
muscular work by the continuous stimulation of both sciatic nerves. The aver- 
age lethal dose for these animals was significantly greater than that determined 
under identical conditions in 40 cals without muscular activity. 

Half of the animals in each series received the glycoside by intravenous in- 
jection, and the other half by intra-aortic injection at the level of the inferior 
mesenteric artery. The lethal doses were the same for the two routes. 

The amplitude of muscular contraction fell more rapidly in the animals in- 
jected by artery than in those injected by vein. However, in both cases the 
inexcitability of the muscles was complete or nearly complete before cardiac 
arrest. 

These results may be interpreted as indicating that the work of striated muscle 
considerably increases its capacity for storage of k-strophanthoside. The pos- 
sible influence of cardiac activity on the selective storage of digitalis bodies by 
the heart is discussed. 
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THE FAILURE OF 2,3 DITHIORROFANOL (BAL) TO AFFECT ' 
ACUTE, SYSTEMIC URANIUM POISONING' ‘ 

W. P. NEUJIAN AND U. P. ALLEN 

Division of Pharmacologrj and Toxicology of Department of Radiation Biology, Univer- 
sity of Rochester School of ^fcdicine and Dentistry, Rochester, Xcw York 

Received for publication January 27, 19-19 

Investigations of the pharmacology’ and toxicology of uranium compounds (1) 
have indicated that hcxavalent uranium is not a very effective enzyme poison at 
physiological pH and has little affinity for Bulfhydrjd groups. Tetravalent ura- 
nium, however, combines with Eulfliydry'! groups to some extent. Therefore, 
BAL may be expected to reduce the toxicity of parcnterally administered uranyl 
compounds only by forming a somewhat stable, non-toxic U 4 -BAL complex fol- 
lowing reduction of hexavalent uranium in vivo- Because of the effectiveness of 
BAL in the treatment of heavy metal poisoning (2-4) and the contra-indication 
of BAL in experimental, systemic cadmium poisoning (5), it seemed imperative 
to test BAL against acute, experimental uranium poisoning. The results indi- 
cated that BAL exerted no significant effect on the course of acute uranium 
poisoning following parenteral administration of uranyl or uranous compounds. 

Since these experiments were completed^ a report has appeared (C) stating 
that BAL increases the toxic effects of uranium administered to dogs. 

ExPBntirENTAL. Groups of twenty adult, male, Wiatar rots, weighing from 250-350 gm. 
each were observed and weighed on several days prior to injection. Following injection, 
all animals were weighed on alternate day's and observed for at least one month, a period 
Judged adequate since most deaths occurred within ten days and dodo later than seventeen 
daj'5. Mortality accompanied by gross kidney pathology was taken ns the ultimate cri- 
terion of effectiveness or lack of protection of BAL against uranium poisoning. It is under- 
stood that most survivors sustained renal injury to a varying degree, but mortality ap- 
peared to be a convenient quantitative measure of the functional damage produced by 
uranium. 

Allsolutions of BAL wore prepared immediately prior to intramuscular injection in either 
physiological saline or propylene glycol. Since propylene glycol was found to be irritating, 
saline solutions were used exclusively in later experiments. 

A pure sample of BAL was obtained from the Chemical Warfare Service (G-40 Special, 
Lot No. Ell-D). The toxicity of this preparation for rats was found to be approximately' 
the same as that determined by both the British (7) and American (8) investigators for 
earlier preparations (LDjj equal to 110.0 mgm./kgm, subcutaneously', and 105 mgm./kgm. 
intramuscularly’). 

The Efficacy of BAL in the Treatment of Sr/stc7mc HgCh Inloxicatioji in Rais. 
The rat seemed to be the animal of choice because of the large amount of avail- 

‘ This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project, Rochester, 
New York. 

* The content of this paper has been taken entirely from University of Rochester Atomic 
Energy Project Report No. M-19S0, May 1&47. 
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Since the — ^SH groups of BAL are readily available for combination with sulf- 
hydryl-reactive metals such as arsenic and mercuiy, it is probable from the mor- 
tality data in this study that no significant in vivo reaction occurs between BAL 
and uranium. This is in keeping with the m vitro enzyme studies (la) which 
demonstrated that TJe has practically no effect on “sulfhydiyl” enzymes. 

Although UCh possesses some affinity for — SH groups (la) a host of other sub- 
stances in the body are also effective in complexing U4. The fact that the tox- 
icity of U4 remained unaltered in the face of BAL therapy would indicate that 
— SH compounds were unable to compete successfully for TJ4 in vivo. 

STIJIMABT 

1. Albino rats were S3'stemically poisoned with 3.0 mgm./ligm, of HgClj I.P., 
and successfully treated with BAL as late as 30 minutes after the administration 
ofHg. 

2. Studies were made of the effect of BAL on the toxic effects of three uranium 
compounds (U 02 (N 0 z)i- 6 ^i 0 , TJOiFi and TJCU) parenterally administered to 
albino rats wdth negative results. 

3. The negative results were taken as confirmatory evidence for the view that 
uranium exerts its toxic effects primarily by some other means than a combina- 
tion with — SH groups. 
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Investigations of the phaimacology and toxicolog}^ of uranium compounds (1) 
have indicated that hexavalent uranium is not a very effective enzyme poison at 
physiological pH and has little affinity for sulfhydrjd groups. Tctravalent ura- 
nium, however, combines with sulfhydrjd groups to some extent. Therefore, 
BAL may be expected to reduce the toxicity of parcnterally administered uranyl 
compounds only by forming a somewhat stable, non-toxic U4-BAL complex fol- 
lowing reduction of hexavalent uranium in vivo. Because of the effectiveness of 
BAL in the treatment of heavy metal poisoning (2-4) and the contra-indication 
of BAL in experimental, systemic cadmium poisoning (5), it seemed imperative 
to test BAL against acute, experimental uranium poisoning. The results indi- 
cated that BAL exerted no significant effect on the course of acute uranium 
poisoning following parenteral administration of uranyl or uranous compounds. 

Since these experiments were completed*, a report has appeared (6) stating 
that BAL increases the toxic effects of uranium administered to dogs. 

ExpcniMENTAL. Groups of twenty adult, male, Wistar rats, weighing from 250-350 gra. 
each were obsen'cd and weighed on several daj^s prior to injection. Following injection, 
all animals were weighed on alternate da^'s and observed for at least one month, a period 
judged adequate since most deaths occurred within ten days and none later than seventeen 
days. Mortality accompanied by gross kidney pathology uas taken as the ultimate cri- 
terion of effectiveness or lack of protection of BAL against uranium poisoning. It is under- 
stood that most survivors sustained renal Injury to a varying degree, but mortality ap- 
peared to be a convenient quantitative measure of the functional damage produced by 
uranium. 

All solutions of BAL were prepared immediately prior to intramuscular injection in cither 
physiological saline or propylene glycol. Since propylene glycol was found to be irritating, 
saline solutions were used exclusively in later experiments. 

A pure sample of BAL was obtained from the Chemical Warfaie Service (G-40 Special, 
Lot No. Ell-D). The toxicity of this prep.aration for rats was found to be approximately 
the same as that determined by both the British (7) and American (8) investigators for 
earlier preparations (LDso equal to 110.0 mgm./kgm. subcutaneously, and 105 mgm./kgm. 
intramuscularly) . 

The Efficacy of BAL in (he Treatment of Sijslci7iic HgCh Intoxication in Rats. 
The rat seemed to be the animal of choice because of the large amount of avail- 

^ This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energj’- Project, Rochester, 
Now York. 

* The content of this paper has been taken entirely from University of Rochester Atomic 
Energy Project Report No. M-19S0, May 1947. 
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able data (1) on the toxicology of uranium. There was, however, little informa- 
tion available as to the response of the albino rat to BAL therapy in other metal 
intoxication. To compare the rat with other species (9), a preliminary experi- 
ment was performed to determine the efficacy of BAL against mercurj’- poisoning 
in this animal. 

HgCb was administered intraperitoneally^ 3.0 mgm./kgm. as a 3.0 per cent 
solution in saline to 75 rats. One group of 35 served as controls; a second group 
of 20 received BAL as in Schedule A< and a third group of 20 received BAL as in 
Schedule Bk BAL was given as a 2 per cent solution in saline. 

The control group showed 89 per cent mortality, the majority of deaths occur- 
ring 4 and 5 days after injection, with a maximum, average weight loss of 20 per 
cent. The group receiving BAL following Hg showed but 5 per cent mortality 
with a maximum average weight loss of only 4.2 per cent. The group treated 
with BAL before and after Hg, showed no mortality and an average, maximum 
weight loss of 4.0 per cent. Animals which succumbed were autopsied, and only 
the kidneys W'ere grossly abnormal. 

These data proved the rat to be responsive to BAL therapj"^ in acute mercury 
intoxication. The use of rats to assay the efficacy of BAL in combating uranium 
poisoning appeared justified. 

The Eficaaj of BAL in the Treatment of Systemic Uranium Intoxication in Rats. 
BAL was assayed against three representative uranium compounds: hexavalent 
uranyl nitrate (UOiCNOzh-QUiO), uranyl fluoride (UOjFj), and tetravalent ura- 
nium tetrachloride (UCL). 

Sixty rats were given 3.0 mgm. U/kgm., intraperitoneally as a 0.63 per cent 
aqueous solution of uranyl nitrate hexahydrate. Though this quantity had been 
shown to give 75 per cent mortality (Ic), slightly more than 90 per cent of the 
animals succumbed in this experiment, presumably because of their greater age 
(Ic). Sixty rats were given intraperitoneally 2.5 mgm. U/kgm. as a 0.324 per 
cent aqueous solution of UO 2 F 2 . Prom available data (Ic), this amount was 
judged to be lethal to the majoritj’' of the rats so injected. 

The animals injected with either uranium compound were divided into three 
groups of twenty each. One group served as controls, one received BAL ac- 
cording to Schedule A^ and one was given BAL as in Schedule Bk BAL as a 
1.24 per cent solution in propylene glycol was injected intramuscularly. Though 
the amount of BAL given was but slightly more than half that given in the mer- 
cury experiment, this dose appears more than adequate (9) to reduee mortality 
were BAL at all effective. 

® In a preliminary study, intravenous administration resulted in 24 hr. deaths from pul- 
monary edema and pleural effusion. This finding is in agreement with studies utilizing 
dogs (9, 10). Accordingly, all animals were given HgCb intraperitoneally. 

* BAIi administered on Schedule A was given in three, equally divided, intramuscular 
doses 5 min. before, and 1 and 3 hrs. after the injection of the toxic metal; on Schedule B 
in three, equally divided, intramuscular doses, J, IJ, and 3| hours after the metal-injection. 
The volume injected was always 0.1 cc./lOOgm. rat/dose. It was expected that BAL, if 
effective, might bo most beneficial given before uranium administration since this element 
leaves the blood stream very rapidly (11). 
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The results are given in table I. BAL exerted no significant effect on the 
course of systemic intoxication from either uranyl nitrate or fluoride. 

As stated above, BAL was expected to exert a beneficial effect in uranium 
poisoning only if a reduction of hexavnlent uranium to the tetravalent state took 
place in vivo. Actually, this reduction appeared unlikely from the results of 
studies of the redoxpotential of the Ut:U 4 system. It was of theoretical interest, 
therefore, to assay BAL against uranous cHorido. 

Unlike hexavalent uranium, U 4 has been sho\vn to complex strongly with pro- 
tein under physiological conditions (la). Since the absorption of U4 from tho 
peritoneal cavity was problematical, uranous chloride was injected intravenously. 
Uranous chloride is very acid and autoxidizes on standing; therefore, the dry 
material rvas dissolved in 1 ill sodium acetate containing a trace of sodiiun hydro- 
sulfite. The solution injected contained approximately 5.0 mgm. UCU/cc. 

TABLE 1 


The failure of BAL to affect mortality from uranium poisoning 


TOXtC ACIKT 

j UOSTAUTY j 

lOTAl SAL 
MSACE 

Controls j 

BAL 

(SchHuleA) 

BAL 

(Schedule B) 


% 

% 

% 

mtm /tern 

UO,(NO>), 

05 

100 

85 


UO,F, 

84.2* 

85 

85 


UCIi 

55 

45 

— > 

GO 

UCli 

37* 

— 

40 

CO 


• One animal succumbed accidentjilly and was not included in the experiment. 


A preliminary study indicated that 5.1 mgm./Itgm. of UCh was lethal to about 
50 per cent of the rats so injected. Accordingly, forty rats under light ether 
anesthesia were injected with approximately 5 mgm./kgm. of UCli via the 
femoral vein. Twenty rats scn'cd as controls; twenty received BAL as a 2 per 
cent solution in saline according to Schedule A*. The results are presented in 
table I. The slight reduction in mortality in the BAL treated group is of very 
doubtful significance and certainly docs not warrant further investigation. 

A second experiment was performed in which BAL was given ns in Schedule 
B‘; all other details were as before. In this case, BAL afforded no protection as 
indicated by the data presented in table I. 

Discussion. It is evident from the above data that BAL was completely in- 
effective in modifying the course of systemic uranium intoxication in albino rats. 
As measured by mortality and weight loss, there was no amelioration or enhance- 
ment of toxic effects caused by the administration of three uranium compounds 
to rats when BAL therapy was initiated cither before or after uranium injection. 
This is not in complete agreement with McNider and co-workers (G) who con- 
cluded that BAL actually “enhances the toxicitj'” in dogs. This may be due to 
a species difference. On the other hand, data were presented on only five of the 
comparatively small number of animals studied ( 0 ). 
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Since the — SH groups of BAL are readily available for combination with sulf- 
hs'diyl-reactive metals such as arsenic and mercury, it is probable from the mor- 
tality data in this study that no significant in vivo reaction occurs between BAL 
and uranium. This is in keeping with the in vitro enzyme studies (la) which 
demonstrated that Ue has practically no effect on "sulfhydryl” enzymes. 

Although UCI4 possesses some affinity for — SH groups (la) a host of other sub- 
stances in the body are also effective in complexing U4. The fact that the tox- 
icity of XJ 4 remained unaltered in the face of BAL therapy would indicate that 
— SH compounds were unable to compete successfully for U 4 in vivo, 

SUMMAKY 

1 . Albino rats were systemically poisoned with 3.0 rogm./lcgm. of HgCh I.P., 
and successfully treated ■with BAL as late as 30 minutes after the administration 
ofHg. 

2. Studies were made of the effect of BAL on the toxic effects of three uranium 
compounds ('U02(N03)2-6H20, 'UO2F2 and UCI4) parenterally administered to 
albino rats with negative results. 

3. The negative results were taken as confirmatory evidence for the view that 
uranium exerts its toxic effects primarily by some other means than a combina- 
tion with — SH groups. 
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The increased emphasis on quantitative biological studies in recent years has 
resulted in the widespread use of statistical methods for evaluating biological 
data. Much of this data is of the nll-or-none type and, consequently, it is neces- 
sary to solve a dose-per cent eficct curve. By converting doses to logarithms 
and per cent effects to probits (1), logits (2), or angles (3), a straight line may be 
fitted by the method of weighted least squares. From the viewpoint of many 
biologists, such procedures are not pleasant to contemplate because the data 
must be converted to units which are meaningless to m.my and the calculations 
are difficult, tedious and often quite incomprehensible. It is not surprising 
therefore that there is widespread use of a variety of appro-vimate methods for 
solving dosc-por cent effect curves. It may be argued that such methods are 
undesirable because they do not make use of all of the information contained in 
the data, and are therefore inefficient in a statistical sense. On the other hand, 
the computations necessary in using efficient methods are often so time-consum- 
ing and laborious that the busy experimenter is deterred from using them, and 
thus loses the advantage of a statistical evaluation of his results. An e.xamina- 
tion of the various approximate methods, which have been proposed for the 
solution of dose-effect experiments of the all-or-none type, leads to the conclusion 
that none of them are entirely satisfactoiy in combining ease of computation with 
efficiency and accuracy. In order to appreciate this fact, it is helpful to list 
the essentials of a satisfactory approximate method for the solution of dose-effect 
experiments. 

(1) The method should give not only the EDso and slope of the curve, but also 
their confidence limits. 

(2) The method should use the data in original units throughout. 

(3) Zero and 100 per cent effects should be used effectively. 

(4) The method should make it possible to carry out the necessary calculations 
within 10-15 minutes without a calculating machine, and without resort to 
logarithms. 

(5) The method should recognize heterogeneity when present and give cor- 
rected confidence limits in such cases. 

(0) The method should facilitate both the comparison of the two curves for 
parallelism and the computation of relative potency with its confidence limits. 

(7) The method should not unduly sacrifice accuracj' in favor of simplicity 
and speed. 

The various approximate methods for solving dose-per cent effect curves fail 
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in varying degrees to meet these requirements. The double integration method 
(4-7) which uses data in original units and the methods of averages (8-10) which 
require logarithms provide an estimate of the ED50. With a restricted experi- 
mental design, the confidence limits of the EDjo can be obtained by the methods 
of averages, with varying amounts of calculation. 

Of the methods which may be considered to approximate that of Bliss (1), 
one, using the data in original units gives only the confidence limits of the EDso 
(11); a second, using logarithms gives, in addition to the above, the slope con- 
stant, but not its limits (12); and a third, using logarithms and probits gives 
both parameters and their confidence limits (13). None of the approximate 
methods use 0 or 100 per cent observations to best effect, or recognize hetero- 
geneity, if present. 

The method of Litchfield and Fertig (13), which gives confidence limits of both 
parameters, appeared to offer the best starting point for developing a revised 
method which would approach the ideal requirements mentioned above. 

In order to revise the above method to conform to the aims listed, three distinct 
types of problem were involved. The first of these was the problem of using 
percentages and arithmetic values in a way exactly equivalent to the use of 
logarithms and probits. Logarithmic-probability paper permits plotting the 
data in original units but leaves the problem of converting log-probit equations 
to their arithmetic equivalent. 

The result of addition and subtraction of logarithms can be obtained easily 
by multiplication and division of the numbers themselves. Similarly, the result 
of multiplying or dividing a logarithm by an arithmetic value can be represented 
by raising the number corresponding to the logarithm to a power equal to the 
arithmetic value (or by taking the root in the case of division). Such a calcula- 
tion cannot be made, however, without recourse to logarithms or to the use of 
log-log slide rule. Consequently, the second major problem arises, the need for 
eliminating calculations which require logarithms. In this particular case, a 
nomograph was constructed for obtaining fractional powers and roots of num- 
bers coming within the scope of the method. 

A further complication arises in the case of the product or quotient of two 
logarithms since this operation caimot be represented at all as a purely arith- 
metic process. In the two such cases which arise in the revised method, nomo- 
graphs were constructed to permit solution without recourse to logarithms or 
a log-log slide rule. 

By means of two of the above mentioned nomographs, a simple aritlimetic 
solution of a dose-effect cunm can be obtained which is equivalent to the solution 
by the original method using logarithms and probits. The two solutions are 
numerically equal but the revised method is more rapid and permits using the 
data in its original form.. 

The third type of problem in the revision consisted of finding the means for 
adding to the method a simple test for heterogeneity or goodness of fit of the 
line, together with the correction of confidence limits for heterogeneity; a means 
for effectively using 0 and 100 per cent effects in fitting the line to the data; 
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and lastly, the means for approximating the confidence limits of doses other than 
the Median Effective Dose. 

The complete method including the necessary tables and nomographs is 
presented below, together with several examples illustrating its application. 

Method. The following symbols are used in this method: 

K = the number of doses plotted 
n = K — 2 *=» degrees of freedom for (Chi)* 
t = value of “Student's” t for p = .05 
EDjd «= Median Effective Dose 
S = Slope function 

fEDjB and fs = factors for EDia and S, respectively 

N' *=» total number of animals used between 16 and 84 per cent expected effects 
R «» the ratio of largest to smallest dose plotted 
A « a value derived from S and R 

S.R. and P.R. = Slope function Ratio and Potency Ratio 

fs R. and fp.B. = factors for S.R^'and P.R., respectively , 

Unless otherwise indicated all ratios arc taken as: larger/smallcr value. 

Proceduiie.* ■ A, The data and graph. 1. List the actual doses used, the number react- 
ing/number tested, and the per cent effects. Do not list more than two consecutive 100 per 
cent effects at the upper end or more than two consecutive 0 per cent effects at the lower 
end of the curve. 

2. Plot doses against per cent effect on logarithmic^probabllity paper (No. 3I2S, Codex 
Book Co., Inc., Norwood, Mass.) leaving space for bat omitting any 0 or 100 per cent effects. 

With a transparent straight edge or triangle fit a temporary straight lino through the 
points, particularly those in the region of 40 to 60 per cent effect. 

B. Plotting 0 or 100 ptr cent effects. 1. Read and list the expected per cent effect, as 
indicated by the line drawn, for each dose tested. If the expected value for any dose is less 
than .01 or greater than 69.09 delete such doses and effects from the list. 

2. Using the expected effect record and plot from table 1 a corrected value for each 0 or 
100 per cent effect which is listed. Inspect the fit of the line to the completely plotted data. 
If it is obviously unsatisfactory refit the line and repeat the preceding two steps to ob|;ain 
a new set of expected and corrected values. 

When the line appears to fit satisfactorily, as is almost alwaj-s the case with the first line, 
proceed to the (Chi)* test. 

C. The {Chip teal. 1. List the difference between each observed (or corrected) effect 
and the corresponding expected effect. 

2. Using each difference and the corresponding expected effect read and list the contribu- 
tions to (Chi)* from Nomograph No. 1. (Astraight edge connecting a value on the expected 
per cent scale with a value on the difference scale, will indicate at the point of intersection 
of the (Chi)* scale, the contribution to (Chi)*.) 

3. Total the contributions to (Chi)* and multiply by the average number of animals per 
dose, i.e., the total number of animals/IC, the number of doses. This is the (Chi)* of the 
line. Thedegreesof freedom are twoless than the number of doses plotted, i.e., n *= K — 2. 

4. If the (Chi)* of the line is less than the value of (Chi)* given in table 2 for n degrees 
of freedom, the data are not significantly heterogeneous, i.e., the line is a good fit. If the 
(Chi)* of the curve exceeds the value of (Chi)* given in table 2, the data are significantly 
heterogeneous and the line is not a good fit. (If the (Chi)* of the line cannot be reduced 
below the permissible (Chi)* by refitting the line, the value of t in table 2 for n degrees of 
freedom should be noted.) 

D. The EDio andfsoi^ . 1. Read from the line on the graph the dose for 16, 50, and 84 
per cent effects (EDii, EDso and ED14). 

2, Calculate the slope function, S, as: 
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EDsi/EDfio “f* EOso/EIDib 


3. Obtain from the data tabtilation, N', the total number of animals tested at those doses 
whose expected effects were between 16 and 84 per cent. 

4. Calculate the exponent in the expression; 

fcDso = = gi!rponmt_ 


To carry out this step, obtain first the \/hr' from a square root table, or with a slide rule, or 
by means of Nomograph No. 2. Then solve 2.77/VN^ = exponent. Next, using this ex- 
ponent and the value of S, read the fEDso on the center scale of Nomograph No. 2 by laying a 
straight edge across the correct scale values. 

5. Calculate the confidence limits of the EDjo as : 


EDlVLt”" = l3eT} probability. 

E. S and Js 

1. Calculate the dosage range as a ratio, as follows: 

R = largest/smallest dose plotted 

2. Using this value of R and that of S (from step D2) , read the value designated as A from 
Nomograph No. 3 by laying a straight edge across the correct scale values. 

3. Solve for the exponent in the following expression, using K from step C3 and -v/N' 
from step El4. 

fs =* j^ciponont 


Then with this e.xponent and the value of A, read fs from Nomograph No. 2. 

4. Calculate the confidence limits of S as: 


S/^ limit for 19/20 probability. 

F. The factors for significantly heterogeneous data. When the (Chi)- test indicates 
significant heterogeneity the value of t from table 2 is noted and the formulas below are 
used for the factors instead of those in steps D4 and E3. The procedure for solution con- 
sists of solving first for the values of the exponent and then with the value of S from step D2 
and that of A from step E2, the factors are read from Nomograph No. 2. 


1 . 


fEDfio 


gl.4t-\/ (Chi)2/iiN' _ geiponent 


2. fs = A.^5.1tCK-l)V(Chi)*/nN']/K = ^oiponcnt 


G. The test for parallelism of two lines and the estimate of relative potency. The following 
values which represent the parameters and factors of a dose-per cent effect line are to bo 
compared to a similar set of values for a second line : 

f™*4 for each line. 

S and fs ) 

1. The test for parallelism; the slope function ratio, S.R. 

(a) Calculate: S.R. = Si/Sj where Si is the larger value. 

(b) Using fsi and fs, read fs.K. from the center scale of Nomograph No. 4 by laj'ing a 

straight edge across the correct scale values. _ 

(c) If the value of S.R. exceeds the value of fs.a. the curves deviate significantly (19/..0 
probability) from parallelism. If S.R. is less than fs.n. the curves may be considered paral- 
lel within experimental error and the potency ratio may then be computed as follows: 
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determine the potencj ratio of the two druE3 The solution of the dose effect curve of 
Pyribenzamme illustrates the combined work sheet and graph 

The parameters and factors of the tu o dose effect curves are summarized below 


EDio 

fED|g 

S 

fs 


Tocalttn 

0 18 mgm AgiQ 

1 72 

2 20 
1 60 


Pyrtbensonitne 

0 60 mgm /kgm. 

1 60 
2 3i 
1 67 


The curves are tested for parallelism and the potency ratio obtained as follows 
G1 The elope ratio, S U »» Sj/Sj =* 2 34/2 20 » 1 06 

fs n = 1 92 (from Nomograph No 4, using tho tn o fs values) 

SR of 1 06 IS less than fa n of 1 92, therefore, the dcMation from parallelism is not 
Significant 

G2 Tho potency ratio, P U = ED,o,/ED„, = 0 60/0 18 « 3 3 
fpa *=» 2 05 (from Nomograph No 4,usingthctwofEDio\alues) 

PR of 3 3 exceeds fp a of 2 05, therefore, the two drugs differ signiGcantly in potency. 
G3 Confidence limits of S R and PR 
SR Xfsn «106X102"2 03 
S R /fa n “1 OG/1 92 « 0 55 

The slope ratio, S R , and 19/20 confidence limits 1 06 (0 55 to 2 03) 

PR Xfpn •=■ 33 X 205 « 675 
PR/fpn = 3 3/2 05 » 160 

The potency ratio, P R , and 19/20 confidence limits 3 3 (1 6 to 03) Tagathen was 
significantly more active than Pyribenzamme and for confidenco limits of 19/20, its relative 
activit> lies betneCQ 1 C and G 8 times that of Pyribenzamme 

Oeeastonall], the experimenter is interested m a dose other than tho ED(o, for example, 
he may wish to know the ED»o and its confidence limits The dose for any desired per cent 
effect, Y, can be read from the graph The 19/20 confidenco limits of this dose, EDy, can 
be approximated by increasing the value of fEa>,o amount determmed by the value of 
fa and X, (tho devtaUon in standard deviation units, of Y from 60 per cent) Values of X 
for common values of Y are gtven in table 3 

The procedure for obtaining the 19/20 confidence limits of "EDy is as follows 

1 Obtain (fs)* using Nomograph No 2 to raise the base, fs (from step E3) to the expo- 
nent X (from table 3) 

2 Obtain feor ffom center scale of Nomograph No 4, using the value obtained for (fs)* 
and the value of fEDjo (from step D4) If the Bcale limits of the nomograph are exceeded, 
the confidence limits are likely to be so wide that the EDy value is rather meaningless The 
confidence limits are obtained in the usual way using the Tedt 

As an example of this procedure applied to the Tagathen line, the confidence limits of 
ED, 9 = 0 48 mgm /kgm are obtained as follows 

1 (fg)"^ = 1 60) * • » 1 85 (from Nomograph No 2 and table 3) 

2 fED,e = 2 25 (from Nomograph No 4, using (fs)* *= 1 85 and Ted, 9 “ 1 72) 

ED,o and 19/20 confidenco limits = 0 48 (0 21 to 1 OS) mgm /kgm 


Discussion The method presented fulfills, for the most part, the aims of a 
satisfactory approximate method At the nsU of making the method appear 
rather complex the instructions hate been made as complete as possible We 
hate found that these instructions in the hands of an mexpenenced person 
permit a complete solution of data, such as that in fig 1, to be obtained in 20 to 
30 minutes An experienced person on the other hand requires leas than half 
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this time, ^though the accuracy of this method has not been examined 
It cannot be less than that of the Litchfield-Fertig method which has been shoum 



tXJSE MG./KG. 

Figcbb 2 


to be satisfactory for all ordinary purposes. Tire new method in some respects 
is undoubtedly more accurate since not only can a poorly fitted line be detected 
and improved but also significant heterogeneity, if present, will be found. 


56 ALIVE 
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TABLE 1 

Corrected Values* of 0 or 100 per cent Effect {Body of Table) 
Corresponding to Expected Values {Margins) 


EXPXCTEO 

0 

1 

2 

i 

4 

5 

6 


s 


0 


0.3 - 

0.7 

1.0 

1.3 

1.6 

2.0 

2.3 

2.6 

2.9 

10 

3.2 

3.5 

3.8 

4.1 

4.4 

4.7 

4.9 

6.2 

5.5 

6.7 

20 

6.0 

6.2 

C.5 

6.7 

7.0 

7.2 

7.4 

7.6 

7.8 

8.1 

30 

8.3 

8.4 

8.6 

8.S 

9.0 

9.2 

9.3 

9.4 

9.6 

9.8 

40 

9.9 

10.0 

10.1 

10.2 

10.3 

10.3 

10.4 

10.4 


10.6 

50 



89.5 

S9.6 

89.6 

S9.6 

89.7 

R!VI 

Rll 

89.9 

90.0 

60 

90.1 

■CilCT 

90.4 

90.5 

90.7 

90.8 


■! mm 

mmU 

91.0 

70 

91.7 

91.9 

92.2 

92.4 

92.6 

92.8 

93.0 

93.3 

93.5 

93.8 

80 

94.0 

94.3 

94,6 

94.8 

95.1 

95.3 

95.6 

95.9 

96.2 

96.5 

90 

96.8 

97.1 

97.4 

97.7 

9S.0 

0S.4 

93.7 

99.0 

99.3 

99.7 


* These values arc derived from the maximal and mimmal corrected probits of Bliss (1). 


TABLE 2 

Values* of I and {Chi)* for p *« ,05 


picitts or nrcoou 

t 

(an)f 

1 

12.7 

3.84 

2 

4.3 

5.99 

3 

3.18 

7.82 

4 

2.78 

9\49 

5 

2.67 

11.1 

6 

2.45 

12.6 

7 

2.36 

14.1 

8 

2.31 

15.5 

9 

2.26 

16.9 

10 

1 

2.23 

1 

1S.3 


* Values of “students” t and (Chi)* for p = .05 are the same as may be found in more 
extensive tables such as those in (17). 


TABLE 3* 


% TITECT, Y 

X 

16 or 84 

1.00 

10 or 90 

1.30 

5 or 95 

1.65 

2 or 9S 

2.05 

1 or 99 

2.35 


• Other values of X may be obtained from any table relating deviations and areas of the 
normal curve, such as (17). 


All approximate methods without exception have one or more weak points. 
The inadequacy of these methods becomes evident when they are applied to an 


















108 • 


J. T. LITCEnfXELD, JR. AND F. W. WILCOXON 


unbalanced or truncated set of data. Thus in the more exact method of Bliss 
(1), the confidence limits are corrected for the deviation (caused by unbalance), 
of the mean probit from 5.0. Due to the nature of the weighting coefficients 
this correction is of little significance imless the degree of truncation is rather 
large. Thus, in the case of any approximate method, the confidence limits will 
tend to be underestimated when the maximum obser\’-ed effect is 70 per cent or 
less. This weakness common to all such methods is usually overlooked and the 
experimenter should avoid applying an approximate method to very poorly 
balanced experiments. In such cases repetition of the experiment or the use 
of the more exact procedure of Bliss (1) is indicated. It caimot be suflniciently 
emphasized, however, that a statistical method is in no way a substitute for a 
good experiment. 

The name slope function has been applied to S, the antilogarithm of the 
quantity designated as s in Bliss’ notation, or X in Gaddums notation (18), where 
s or X is the standard deviation of the logarithms of the individual effective doses. 
Our choice was based on the use of S for purposes customarily served by the 
slope constant b, and we are not aware of any existing designation for the 
antilogarithm of the standard deviation. 

Since the dose-per cent effect curve is encountered so frequently in biological 
and occasionally even in non-biological fields, this rapid approximate method 
should be of help to the many individuals who have not the time, desire nor 
facilities for complex mathematical treatment of this kind of data. 

SUJIMART 

1. A rapid graphic method for approximating the Median Effective Dose and 
the Slope of dose-per cent effect curves is presented. Confidence limits of both 
of these parameters for 19/20 probability are given by the method. In addition, 
confidence limits for any other probability or for a dose other than the Median 
Effective Dose are readily estimated. 

2. The data are used throughout the method in their original form without 
transformation to logarithms and probits. 

3. An effective means for plotting and using 0 and 100 per cent effects is 
provided. 

4. The calculations have been simplified by means of nomographs to the 
extent that a slide rule is a convenience but not a necessity. 

5. A simple means is provided for detecting a poorly fitted line or significantly 
heterogeneous data. In the former case, the line may be refitted; in the latter, 
the confidence limits are corrected for the degree of heterogeneity. 

G. The method provides means for the rapid test of parallelism of two curves 
and easy computation of relative potency with its confidence limits. 

7. Althou^ the method is rapid (10-15 minutes), its accuracy is commensurate 
with the nature of dose-per cent effect data. 
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APPENDIX 

A <So«rc(? or dernaiion of formulae used in the method The revised method uses in modi- 
fied form (1) The approximations developed by Litchfield and Pertig (13) for obtaining 
confidence limits of the parameters of a dose per cent effect curve, and (2) the method for 
(Chi)* proposed by Wilcoxon and hlcCallan (14) The corrections used in the event of 
heterogeneity, the method for using 0 and 100 per cent effects, and the test for significant 
differences between values are derived from conventional procedures (1) The formula for 
obtaining approximate confidence limits of doses giving per cent effects other than 60 per 
cent is derived from that for the varianco of the log EDjo as given by Bliss (1) 

The following table shows some of the relationships between formulae used in the revised 
method and their equivalents after transformation to the logarithm probit system 

Arithmetie mtthoi Log prdbxt mtihoi 


ED,. 

log ED»o 

fED|0 

1 OGSEiocedso 

S 

log S or 8 or 1/b 

fa 

1 96S E , or 1 D6a*S E s 

A/B 

log A — log B 

fx/B 

1 OgVcS E i„, a)> + (S E loi d)‘ 

fen 

1 aeVs E + (S E .(y - 6 0)I‘ 


Corrected effect for 0 or 100 per cent Maximal or minimal corrected probit 
B The parameters and confidence limits of a dose per cent effect line on logarithmic proh- 
ability paper 1 The median cffcctite dose ED»o This is the dose indicated by the lino 
to cause 60 per cent of the animals or items to react or not, to live or die, to be positive or 
negative, to fit into a category or not, etc Doso is used in the abstract sense and may be 
dose, time, size, distance, etc •> 

2 The slope function of the line S This is the fold change in dose required to produce a 
unit standard deviation change m response along the line Thus 

S antilog of 1/b, s, or ^7 

It — l» 

where b and s are, respectively, the slope constant and standard de\ lation of a line relating 
log dose X, and probit per cent effect Y Since s is actually the difference between two par- 
ticular log doses, its antilog, the slope function S, is the ratio of the arithmetic value of 
those doses 

3 The factor of /edk, for obtaining i9/i0 confidence limits of the EDn This factor, 
using the notation of Litchfield and Fertig, is derived as follows 

= (1) 

where s is the difference between two log doses whose expected effects, os indicated by the line, 
differ by 1 0 probit and N' is the total number of animals or items tested between the log 
dose limits corresponding to expected probits 4 0 and 6 0 

Multiplying (1) by 1 96, simplifying and taking the antilog gives 

fED„ = (2) 

where B = antilog s and N' is now the total number of animals or items tested between 
arithmetic dose limits corresponding to expected 16 and 84 per cent effect 
The slope function S can be obtained from the line on logarithmic probability paper by any 
of the following expressions but (3) is preferable 

S = EDai/EDw or EDti/HDji or EDm/EDh 
EDm/EDm + EDw/EDta 


2 


( 3 ) 
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The factor for the EDso can be reduced to the expression: 

fEDjo = 

where the exponent is 5.77 /Vn', The value of fEDjo can then be read from the fractional 
power Nomograph No. 2. 

4. The factor fs for obtaining limits for 19/SO probability of the slope function S. This 
factor is derived from the approximation of Litchfield and Eertig to the standard error of 
the slope constant, b. 

Since: 

s = 1/b and s* = 1/b^ 

By differentiation: 

ds = -b-7 db =■ -(l/b7) db 

Then by substitution : 

da = — s* db or 


S.E.. = 8>3.E.b (4) 

The minus sign can be dropped because it merely signifies the reciprocal relation between 
s and b. 

The approximation to the standard error of b for limits for 19/20 probability is given by; 


1.96S.E.b 


7.85 

VNV2LK/K-1 


where L and K refer, respectively, to the logarithmic dosage range of the experiment and 
the number of doses tested. N' is the same as defined above. This can be simplified to 
give: 


1.96S.E.b = 


ll.KK - 1) 
LK-s/i^ 


( 6 ) 


By substitution of (5) in equation (4) : and rewriting: 


1.96S.E.. 


11.1 s=(K - 1) 1.1 s' 10(K - 1) 

LKVN^ “ L ^ 


Let: A 
R 

and, since S 
then A 
and 


1.1 B' 

— — > 

Jj 

= antilog L 
= antilog s, 

.. l.Klog S)' 

= antdog-|^^ 

fs = antilog 1.96S.E,, = = A®*p- 


( 6 ) 

(7) 


The value of S is known from equation (3) and the value of R is given by the ratio : R «= 
largest/smallest dose plotted. In order to eliminate the use of logarithms, Nomograph 
No. 3, having scale values in units of S and R, was constructed to solve equation i6) to give 
the value of A. K is the number of doses plotted and N' has already been defined. The 
factor for S can then be read from Nomograph No. 2 using the value of A and its exponent. 

The confidence limits for the parameters EDso and S are obtained by using the factors 
fEDio nnd fs as follows: 


Parameter X f 
Parameter/f = 


•= upper| 

> limit for 
lower J 


19/20 probability. 
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C Additions to the basic tmslhod 1 Use of 0 and JOO per cent ejff'ects Fisher (cited by 
Bliss, 1) has shoun that the most likely value for 0 or 100 per cent effects is the minimal or 
maximal corrected probit, the exact value of which is determined by the expected probit 
obtained from the line on the log dose probit graph The equivalent procedure for 0 or 100 
per cent efi'cct m the case of plotting on logarithmic probability paper is made possible by 
means of a table relating the expected per cent effect, indicated by the lino, to the minimal 
or maximal corrected per cent effect These corrected values have been interpolated and 
converted to percentages from the original table of corrected probits (1) 

The procedure for using 0 or 100 per cent effects consists of (a) plotting the data on 
logarithmic probabilitj paper, omitting 0 or 100 per cent effects, and fitting a temporary 
line %Mth transparent straight edge or triangle, (b) reading the expected per cent effect 
indicated b\ the straight edge at dosesTvhereOor 100 per cent cffectwas observed, (c) con- 
verting the expected per cent effect to a corrected value by means of table 1 and plotting this 
corrected value, (d) drawing a line through the completely plotted data 

2 Recognition of heterogeneous data Test of the line for ^'Ooodness of Fit ” The nomo 
graphic calculation of (Chi)*, previouslj reported by Wilcoxon and MoCallan (14), was 
modified slightly and incorporated into the revised method In this portion of the pro- 
cedure, the expected per cent effects from the lino arc listed opposite the observed per cent 
effect and a list of differences betw cen observed and expected per cent effects made For 
each set of a difference and the corresponding expected per cent effect, a (Chi)* value based 
on one animal or item is read from Nomograph No 1 The total of these (Chi)* values 
multiplied bj the average number of animals or items per dose is the (Cbi)* of the dose 
effect line The degrees of freedom, n, arc two leas than the number of points plotted, i c , 
n*=K — 2 Bj companaonofthistothevalucof (Chi)*forprobabilityof 05 and n degrees 
of freedom, significant hcterogcncit> can be recognized In the event of significant hetero 
geneity a better fitting lino can often be drawn, and if not, the equations for the factors of 
the parameters arc modified to include thU additional variation For this modification 
the value of “students” t for a probability of 05 and n degrees of freedom must be used 
For convenience m using the method, the important values of “students’* t, and (Chi)* 
for p » 05 and various degrees of freedom are given in table 2 Other values may be found 
in mote extensive tables such as arc given by Sncdecor (15) 

When significant heterogeneity is found the factors of the parameters are obtained by the 
following equations, w hose nomographic solution is the same, bow ever, as described above 
For heterogeneous data 

fED„ = S' «V(C1.1)>/«N- „ s«p (8) 

fa I, i;k ^ (gj 


All symbols have the same significance as noted above 

The change which has been made in the exponents of both of the factors in order to cor- 
rect for heterogeneit> is the conventional multiplier (16) while the value of “t” replaces 
the 1 96 which was previously introduced into the exponent and must now be divided out 
again Thus, for limits for 19/20 probability, 


(Exp boxnogeneauf) X 


tV^faOVn 


Exp beteroseneous 


Nomograph No 1 computes (Chi)* for a single item as 


(Cbi)* 


(Observed expected per cent effect)* 
(Expected cffectXlOO—expected effect) 


( 10 ) 


which IS derived from the expression used bj Wilcoxon and McCallan (14) for nomographic 
solution o! (Chi)* for 100 items 
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3. Comparison of two dose-effccl curves: The test for parallelism and the ratio of po- 
tencies. In the method of Bliss (1) and the approximate method of Litchfield and Fertig 
(13), the significance of differences between the parameters of two curves was tested by>!- 
computing the standard error of the difference as; 

S;Etoi». = V(S.E.i)’+(S.E.!)’ 

In the revised method, the equivalent arithmetic procedure is used; that is, in place of a 
difference between two logarithmic quantities, the ratio of the quantities themselves is 
used. Furthermore, in place of the standard error of a log quantity, the factor of the 
quantity itself is used since, as already noted, the factor is the antilog of the Standard Error. 

Tbus,forlimit8forl9/20probability, in place ofl.96S.E.Dii/, = ■%/ (log fi)* + (log fj)*, the 
following equation is used: 

fratio = antilog Vflog fi)* + (log fj)* (11) 

To eliminate logarithms, Nomograph No. 4 was constructed having scale values in units of 
fi and fj which, if connected by a straight edge, permit reading Latio on the intersected cen- 
ter scale. The procedure is the same for both the factor of the ratio of the slope functions 
Si/Ss or the ratio of potencies EDjoi/EDtoj. 

The factor of the ratio may be used as already described to obtain the limits of the ratio 
for 19/20 probability. If this is done, it is evident that if the lower limit is greater than 1.0 
the ratio is significant. However, the lower limit can exceed 1.0 only if the value of the 
ratio exceeds that of the factor. 

Therefore, two curves may be considered parallel it S.E.., the slope function ratio, does 
not exceed its factor, fs.a.; and two potencies may be considered significantly different if- 
P.R., the potency ratio, exceeds its factor fe.n.. 

4. Confidence limits for 19/iO probability of doses other than the median effective dose, 
EDta. A satisfactory approximation to the limits of errors of EDy (where Y is a response 
other than 50 per cent) can be derived from the expression for the (standard error)* of a log 
dose whose probit response y deviates from the mean probit, f of the experiment. This 
e.vpression which Bliss (1) gives can be written as; 

S.E.loy = (S.E.bS*)>'(y - y)' + V.s- (12) 

It has been shown that ; 

S.E.bS^ = S.E., (4) 

Furthermore, the first of the approximations of the Litchfield and Fertig method was 
derived as; 

2s- 

VoS- ~ S.E.foEEDso ~ ^ (lA) 

By substitution of (4) , (lA) , and the approximation ; 

(y - y) ~ (y - S-O) = X 

equation (12) becomes; 

SEIosed,. = IS.E.,)(X)12 -f S.E.?osED5o 

which is the same as; 

(log fEDp- = Gog [(fs)"^])- -1- (log fEDso)= 

the antilogarithm of the root of this expression is in a form suitable for use in the revised 
method dealing with arithmetic doses and per cent responses, namely; 

fcD, = antilog V Gog (fs])* -f (logfEDjo)' 


(13) 



EVALUATING DOSE-EFFECT EXPERIMENTS 


113 


since Nomograph No. 4 solves expressions of this type. The value of X can be read from 
any table relating deviations and areas of the normal curve (17). Thus, 16 and 84 per cent 
effect both depart from 60 by 34. The area, 34 per cent, corresponds to a deviation X, of 
1.00 in the table cited above. For convenience certain commonly used values of X are given 
in table 3. 

In certain cases one may desire to adopt confidence limits for probabilities other than 
19/20. This may be done easily by using the proper multiplier for the exponents of S and A 
before reading Iedio and fa from Nomograph No. 2. For probabilities commonly used these 
multipliers are listed below: 


For p of; 


Hultiplv exponent bp: 

0.32 (2/3 

odds) 

0.51 

O.IO (9/10 

odds) 

0.84 

0.05 (19/20 

odds) 

1.00 

0.02 (49/50 

odds) 

1.19 

0.01 (99/100 

odds) 

1.31 

0.001 (999/1000 odds) 

1.68 


REFERENCES 

(1) Bubs, C. I,: Quart. J. Fharm. and Pharmacol., 11: 192, 1938. 

(2) Berksox, J. : J. Am. Stat. Assoc., 39: 357, 1944; 41: 40, 1946. 

(3) Knudsen, L. F., and Curtis, J. M.: J. Am. Stat. Assoc., 42: 282, 1947. 

(4) Draqstedt, C. a., and Lang, V. F.: This Journal, 32 : 215, 1928. 

(5) Behrens, B.: Arch, exper. Path. u. Pharmakol., 140: 237, 1029. 

(6) Reed, L. J. : Biological Effects of Radiation, 227-51, 1936, McGraw-Hill Book Co., Inc. 

(7) Reed, L. J., and Muench, H.: Am. J. Hygiene, 27: 493, 1938. 

(8) Karber, G.: Arch, exper. Path. u. Pharmakol., 162: 4^, 1931. 

(0) Irwin, J. 0., and Cheeseuan, E. A.: J. Hygiene, Comb. 39: 574, 1939. 

(10) Thompson, W. R.; Boot. Reviews, 11: 116, 1947. 

(11) Milixr, L. C., and Tainter, M. L.: Proc. Soc. exper. Biol, and Med., 57: 261, 1944. 

(12) BeBeer, E. j.: This Journal, 86: 1, 1045. 

(13) Litchfield, J. T., Jr., and Fertio, J. W.: Buff. Johns Hopkins Hosp., 69: 276, 1041. 

(14) WiLcoxoN, F., AND McCallan, S. B. a.: Contrib. of the Boyce Thompson Inst., 10: 

329, 1939, 

(15) Snbdecor, G. W,: Statistical Methods, Iowa State College Press, Ames, Iowa, pages 

58 and 163, 1940. 

(16) Finnet, D, J.: Probit Analysis, Cambridge University Press, page 60, 1947. 

(17) Mathematical Tables from Handbook of Chemistry and Physics, Chemical Rubber 

Publishing Company, Cleveland, Ohio, 7th Ed., p. 200, 1941. In this table X is 
listed as t. 

(18) Gaddum, j. H.: Med. Res. Council Spec. Report, 163, 1033. 



THE INHIBITION OF ACID PHOSPHATASE OF SHEEP BRAINS 

ALBERT M, MATTOCKS and SALLY D. HOLTAN^ 

School of Pharmacy, Weslern Reserve University, Cleveland, Ohio 

Received for publication January 17, 1949 

The large concentration of acid phosphatases in nerve tissue led the authors 
to investigate the possibility that drugs knou-n to act through nervous mecha- 
nisms may owe a part of their action to a direct effect on acid phosphatases. 
Three types of drugs of particular interest were quaternary ammonium salts, 
phosphoric or pyrophosphoric esters, such as tetraethyl pyrophosphate and di- 
isopropylfluorophosphate (DFP), and glycerol ethers, such as Myanesin. As 
may be seen from the accompanying diagram, these compoimds have structures 
similar to the glycerophosphorylcholine (GPC) or lecithin molecule. It is 

'CH2OH 
I CHOH 

0 ' 

II 

LCH2O— P— OCHjCH^NMes 

L Myanesin 




GPC 


NR4 

quaternary ammon. 
salts 

CHs 0 CH 3 
CH*— GH— 0— P— 0— CH--CH 3 
F 

DFP 


readily noted that a structural similarity exists between Myanesin and Part I, 
between DFP and Part H, and between quaternary ammonium salts and Part 

* A portion of these data were abstracted from a thesis presented by Sally D. Holtan to 
the Graduate School of Western Reserve University in partial fulfillment of the require- 
ments for the degree of Master of Science. 

5 Fellow of the Scandinavian-American Foundation, 1947-48. 
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III of the GPC molecule. It seemed conceivable, tlicreforc, that these types of 
compounds might act through a competitive mechanism to affect the action of 
enzymes that liydrolyze corresponding portions of the GPC molecule. 

Ml investigation was planned to test this hypothesis by studying the effects of 
known inhibitors of acid glycerophosphatasc and cholinephosphatasc, testing 
qualitatively a group of drugs believed to act by modifying nerve impulse 
transmission, and finally, by examining in more detail the effect of any new in- 
hibitors of the enzjTnc system. 

A sun’cy of the literature revealed no kinetic data on the effects of kno\vn 
inhibitors of acid phosphatases from which could be deducted the nature of 
inhibition, although a number of substances have been reported to inhibit acid 
phosphatases from various sources. In most eases the hydrolysis time had been 
greater than is now generally accepted for inhibition studies. Most enzyme 
preparations were crude extracts, and no conclusive evidence has been presented 
to prove whether the acid phosphatases from the various sources, and those 
hydrolyzing glycerophosphate and choUnephosphate, arc identical. 

In this study a phosphatase preparation from nerve tissue was desired, and the 
extract of Giri and Datta (1) was selected as most suitable. Preliminary tests 
showed that acid phosphatase extracts prepared in this manner were surprisingly 
stable, there being no change in activity after one month's storage at refrigerator 
temperatures, ^Vlso, subsequent solutions prepared in tlie same manner from a 
given lot of acctone-dricd brain powder gave almost identical activities. These 
extracts were found to hydrolyze both glycerophosphate and phosphorylcholine, 
and exhibited the same pH optima (5.0 and 9.5) as reported by Giri and Datta. 

Experiitental. QuaZi^attt'c teals for inhibition. A number of chcirucals were tested 
qualitatively for inhibitory effects on the enzyme system, using both phosphorylcholine 
(synthesized by the method of Baer, 2) and glycerophosphate (Eastman) substrates. Rela- 
tively lugh concentrations of test substances were used, and inhibition was considered to 
be positive when test substances caused a decrease of 20 per cent or more in liberated phos- 
phate when compared with controls. 

Digests were prepared as follows: 1.2 X 10“’ Moles of substrate (sodium glycerophos- 
phate or sodium phosphorylcholine) were dissolved in about 90 cc. water, and the solution 
was adjusted to pH 5.0 by addition of acetic acid. One hundred co. of 0.2 Af acetate buffer 
and sufficient water to make 200 cc. were added. For each digest 6 cc. of the adjusted sub- 
strate, 1 CO. of 4.29 ilf test substance, and 1 cc. of enz)Tne were nuxed. These mixtures 
contained as final concentrations: substrate — 1.29 X 10”* M, test substance — 4.29 X 10~* M, 
acetate buffer — 0.1 M. The tubes containing the digests were stoppered and placed in the 
incubator at 37®C. for three hours. At the end of this time, 1 cc. of 20 per cent trichloro- 
acetic acid was added to each digest, the mixture was centrifuged, and 6 cc. of the centrif- 
ugate was analyzed for free phosphate by the method of Lowry and Lopez (3). Tests were 
performed in triplicate with a triplicate series of blanks (1 co. water replacing enzyme) 
and of controls (1 cc. water replacing test substance). 

The following compounds were tested in this manner: sodium sulfate, sodium 
pyrophosphate, sodium cyanide, sodium fluoride, idoacctic acid, alanine, glutamic 
acid, p-aminobcnzoic acid, creatine, cysteine, cystine, glutathione, ascorbic acid, 
acetylcholine, carbachol, tetramethyl ammonium bromide, tetraethyl ammonium 
bromide, choline, urethane, tetraethyl pyrophosphate (Nifos-T), triethyl phos- 
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phate, tri-o-cresylphosphate, myanesin, procaine, sulfanilamide, pilocarpine, and 
DFP , F our of these compounds, sodium sulfate, sodium pyrophosphate, sodium 
fluoride, and DFP , inhibited hydrolysis of both substrates, while sodium fluoride 
caused loss of enzyme activity which varied with time of contact between enzyme 
and cyanide, probably protein denaturation. All other compounds tested were 
without effect. The choice of test substances was limited to those which did not 
interfere with the color measurement, making necessary the exclusion of a num- 
ber of alkaloids and arsenic compounds that may have been of interest. 



Kinetic studies of inhibition. Inasmuch as the response of the extracts to 
inhibitors was qualitatively the same whether glycerophosphate or phosphoryl- 
choline were the substrate, kinetic studies were limited to the hydrolysis of 
beta-glycerophosphate. 

Initial curves obtained by measuring the hydrolysis of the two substrates at 
time interrmls of 30 minutes for periods up to six to eight hours appeared to be 
linear up to three hours, agreeing with the curves of Giri and Datta, but later 
experiments conducted in this laboratorj’’ with 30 minutes hydrolysis time gave 
rates vastly different, and it is apparent that the original curves were misleading 
due to failure to expand them at lower time values. 

Digests were prepared by adding 2 co. of a solution of sodium beta-glycerophosphate of 
proper concentration, 1 co. of test solution, and 1 co. of enzyme solution to 2 cc. of 0.2 ilf 
acetate buffer pH 6.0, all solutions being brought to 37°C. before mixing. Digests were 
incubated for a period of 30 minutes the values obtained being taken as initial velocities. 
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Substrate concentrations were varied between 8.33 X 10-* and 8.33 X 10"’ 
for the control curve. A plot of hydrolysis vs. substrate concentration showed a 
decline in free phosphate at and above substrate concentrations of 1 X lO”* M. 
No attempt was made to determine whether the drop was due to substrate in- 
hibition or interference with measurement. The minimum concentration that- 
gave accurately measurable phosphate content after inhibition was 1.5 X 10"’ 
M. Hie Lineweaver-Burke method (4) was used to evaluate enzyme-substrate 
dissociation constants (Its) and enzj-me-inhibitor dissociation constants (Ifl), 


TABLE 1 

Effect of inhibilOTS on acid ghjccTOphosphatasc activity kinetic studies 


imtiAt VEioaTY— MicsocaAUS P/30 lamrrES 


CONCEKnUTlON 

(S) X icr* 

j Control 

FiuorMc 
«.35 X 

Sulfate 

2.00 X 

Pyrophosphate 
S.33 X nr»i/ 

DFP 

3.4 X 

0.83 

6.94 


1 



1.00 

7.69 





1.25 

i 10.07 





1.67 

10.19 

9.90 

6.31 

— 

7.15 

2,50 

12.97 

11.50 

6.09 

4.89 

10.01 

3.33 

14.80 

12.25 

7.M 

6.51 

11.60 

4.17 

15.61 

13.15 

8.65 

7.77 

13.46 

5.83 I 

17.46 

14.12 

10.20 

8.88 

15.81 

8.33 

20.29 

15.29 

— 

11.40 

— 

10.0* ' 

13.73 





25.0* 

5.81 



1 


Mean Dev. 

0.40 

0.22 

0.32 

0.25 


from Calc. ' 






Vm 

23.9 

1S.2 

23.9 

23.9 

1 23.9 

Ks 

0.00203 

0.00155 

- 

- 

- 

Ki 

- 

- 

0.000752 

j 0.000235 

0.000504 

Typo of 
Inhibition 

— 

Non-com- 

petitive 

Competitive 

Competitive 

Competitive 


• These values not included in deviations, nor on graph. 


and for the determination of competitive or noncompetitive mechanisms of 
action. Results reported in table 1 are average values for four or more deter- 
minations which agreed within 10 per cent of one another. The resultant curves 
are shown in fig. 1. In order to determine the accuracy of the curves, initial 
velocities were calculated, using the constants obtained from the graph, and the 


VmS 
ICs -f S 


VmS 


Ks-l-S-i- 


IM 

Ifl 


(5) for inhibited 


formula v = 


for uninhibited and v = 
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ensyme activity. The mean deviation of experimental from calculated values 
are given in table 1. 

Special precautions had to be taken with DFP solutions to avoid hydrolysis. 
This was done by preparing a stock solution of DFP in anhydrous isopropanol 
.and diluting it with distilled water immediately before use. Preliminary tests 
showed that the amounts of isopropanol present in the digests did not affect 
enzjTne activity. 

Conclusions. The results of this work show that, in spite of the structural 
similarity between a number of the drugs tested and the metabolite, glycero- 
phosphorjdcholine, these drugs, mth the exception of DFP, do not directly affect 
the acid glycerophosphatase or cholinephosphatase action of brain extracts. In 
addition, the facts that the concentrations of DFP required for effective inhibi- 
tion were considerably higher than those necessary for inhibition of cholinesterase 
(6), and that drags having physiological action similar to DFP, such as tetra- 
ethyl pyrophosphate, tii-o-cresyl phosphate, and eserine, had no effect on the 
acid phosphatase activity, make it appear unlikely that DFP owes its primary 
physiological action to inhibition of this enzyme system. 

SUMMARY 

1. Structural similarity between certain drugs known to act on the nervous 
sj’’stem and glycerophosphorylcholine suggested possible competitive action, and 
a number of these drags were tested for their effect on the hydrolysis of beta- 
glycerophosphate and phosphorylcholine by brain extracts at pH 5.0. Only one 
of the drugs tested (DFP) inhibited the enzyme system, and it was concluded 
that acid phosphatases are not the site of action of these substances. 

2. Fluoride inhibited noncompetitively; sulfate, pyrophosphate, and DFP 
inhibited acid glycerophosphatase competitively, their Ki values being 7.52 X 
lO-*, 2.35 X 10"^, and 5.04 X 10“^, respectively. 
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In a preliminary study of the cardiotoxic effects of several lactone derivatives 
(1), some of which have been shown to possess distinct antibacterial and anti- 
protozoan activity, it was observed that many of the agents evoked an initial 
positive inotropic response in the isolated frog heart, which persisted for long 
periods before the ultimate systolic standstill. This observation suggested on 
investigation of the cardiotonic potency of these agents. 

The approach to the problem of synthetic cardiotonic substances through the 
lactone structure has been utilized by several investigators. All of the active 
constituents of the cardiac glycosides (digitalis, strophanthin, and squill) have 
been shown to contain an unsaturated gamma- or delta-lactone substituent on 
, C-17 of the cyclopentanoperhydrophenanthrcne nucleus. It has been repeatedly 
demonstrated that this lactone moiety with its double bond is essential for the 
cardiac activity, although it is recognized that a favorable configuration of the 
steroid nucleus can enhance the action (2). Two independent lines of research 
have been pursued recently by Chen and co-workers, and ICrayer, Mendez and 
associates with a view toward discovering new cardiotonic substances among 
synthetic lactones. Preliminary studies by the Chen group failed to reveal any 
digitalis-like action in four simple lactones by the frog lymph-sac toxicity method 
(3). Later, however, the same investigators successfully produced systolio 
standstill in the intact frog heart, similar to the digitalis effect, with several of a 
series of 27 lactones (4). 

Krayer, on the other hand, approached the problem more directly from the 
cardiotonic point of view. Utilizing a modification of the Straub technique on 
the isolated frog heart, he was able to demonstrate an improvement in the con- 
tractions of the heart made hypodynamic with a low calcium perfusion fluid, by 
some of a series of lactones (5, 6). In several papers which followed, Knayer and 
his group continued to corroborate this lactone cardiotonic effect and attempted 
to exq)lain its mechanism (7, 8). 

It is the purpose of this work to determine the extent and possible mechanism 

^ The material presented here represents a portion of the data contained in a disserta- 
tion submitted on May 1, 1018 to the faculty of the Graduate School of Yale University in 
candidacy for the degree of Doctor of Philosophy. 

* Aided in part by a grant from the James Hudson Brown Memorial Fund of the Yale 
University School of Medicine. 

» National Institute of Health Research Fellow, 1047-1948. Present address, E, I. du 
Pont de Nemours & Co., Grasselli Chemicals Department, Wilmington, Delaware. 
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of the digitalis-like cardiotonic action of certain lactone derivatives on the 
isolated frog heart made hypodynamic by low calcium Ringer’s solution. An 
attempt will be made to relate chemical structure with cardiotonic activity. 

The compoimds tested here were accumulated mainly from several industrial 
and academic laboratories. The sources are given in table I, where all the agents 
appear. 

One compound, 3-methyl-5-carboxy-2-pentene-l,4-olide, was synthesized in 
this laboratory according to the method of Rinkes (9), with the aid and at the 
suggestion of Professor W. Bergmann of the Department of Ghemistiy at Yale 
University. 

Methods. The materials and methods used were essentially the same as those reported 
in an earlier work (1). 

The normal perfusion fluid was the same as that used by Krayer and had the following 
composition: NaCl, 0.65 per cent; KCl, 0.014 per cent; CaCh, 0.011 per cent; NaHCOi, 
0.02 per cent. The low calcium solution contained all of the above salts in the same con- 
centrations except the CaClj, which was decreased to 0.0055 per cent or one-half the normal 
amount. 

All of the compounds were dissolved in 95 per cent ethyl alcohol to make up stock solu- 
tions varying from one to five per cent. Appropriate dilutions were made with the per- 
fusion fluid prior to the experiments, and at no time did the alcohol concentration in the 
perfusion solution exceed one per cent. 

The pH of all solutions was adjusted to that of the perfusion solution, which was main- 
tained between pH 7.5 and 7.9. The experiments were carried out at room temperature 
which varied from 23°C. to 25°C. 

Each experiment was executed in this manner. After excision of the heart, cannulation, 
and attachment with the recording lever, the preparation was perfused with normal Ringer’s 
solution until a constant amplitude and rate of contraction was established. Then the 
heart was tested for sensitivity to the calcium ion depletion, by replacing the normal 
Ringer’s with the low calcium solution until a state of hypodynamia existed, and then re- 
turning the heart to its original state by again perfusing with normal Ringer’s. Following 
this, the hypodynamic state was again induced as above and, after a constant rate and 
amplitude of contraction had been established (usually within 5 minutes), the chemical 
agent w'as introduced into the low calcium solution and allowed in this way to perfuse 
through the hypodynamic heart. 

Results. The information sought in this investigation has been of a general 
nature, arising from a screening-type technique. In order to compare activities, 
a ratio has been established between the liminal millimolar positive inotropic con- 
centration of ouabain and that of the other compounds. In this case the liminal 
concentration has been defined as that minimum concentration which restored 
the ventricular amplitude of 3 out of 4 hypodynamic hearts to 75 per cent or more 
of their normal amplitudes within 20 minutes. 

The sources of error in this type of quantitative evaluation are well recognized 
— actual position on the dosage-response curve is not ascertained, and the thresh- 
old dose is dependent upon chance fluctuations in sampling, size of sampling, and 
the method of multiple dilution used to arrive at the minimum dosage sought. 
It was felt, however, that since the general order of potency of most of these 
compounds was feeble relative to that of ouabain, a more costly and time- 
consuming method was not warranted. 
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Relative cardtolome activity of antibiotic lactones and synthetic analogs, and certain cardiac 
glycosides on the hypodynamte, uolated frog heart 


COUTOUKI} 

(SOOTCE) 

CHZVUCAL sTscemts 

imiNAL POSITIVE INOTIOTIC 
COSCEVTEATION 

POTENCV ItA 

per 

100 cc 

miUimoln 

“ 1) 

Ouabain* 


0 0125 

0 000214 

1 00 

Digitoxin 


0 0400 

0 000524 

2 6 

Uzarm 2HiO 


0 1000 

0 001401 

6 6 

Butyrolac- 

tone 

(Cliffs 

Dow) 

H,C CHs 

1 1 

H.C C=0 

0 




Gamma val- 
erolactone 
(Mon 
santo) 

H,C CH, 

1 i 

H.C— CH C=0 
\ / 

0 

>100 00 

1 

1 


Delta capro- 
lactone 
(Am Cy- 
anamid, 
Calco 

Div ) 

CH, 

/\ 

H,C CH, 

1 1 

H.C— CH C=0 
\ / 

0 


i 


Fantolac* 

tone 

CH. 

1 H 

H.C— C C— OH 

1 1 1 

H,c c=o ! 

\ / ! 
0 

1 >100 00 1 



2 keto 3 di> 
methyla 
rainometh- 
jl butyro- 
lactone 
(Sterling- 
Winthrop) 

H,C 

\ H H 

N— 0— C C=0 

/ H 1 1 

H,C HiC C=0 

\ / 

0 

6 00 

0 318 

i 

1489 

2 keto 3 
(3,3' di- 
methyl 
ncryl) bu 
tyrolac- 
tonc (Vick 
and Ster- 
ling-Win- 
throp) 

H,C 0 

\ H 11 H 

c=c— c— c c=o 

/ 1 1 

H.C H.C C=0 

\ / 

0 

10 00 

0 549 

j 

i 

2565 
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TABLE 1 — Continued 


COUPOUKD 

(source) 

CHEinCAL STfitTCXlTEE 

tnOKAL POSm\*E IKOTEOPIC 
CONCEJiTRATION* 

! POTESW S.\- 

' milligrams per 
100 cc. 

millimoles 

= 1) ‘ 

2-pentene- 
1,4-olide 
(Winthrop 
and Am. 
Cyanamid, 
Calco 

Div.) 

HC CH 

i i 

HjC— CH C=0 

\ / 

0 

10.0 

1 

1.020 

4770 

3-pentene- 
1,4-olide 
(Winthrop 
and Am. 
Cyanamid, 
Calco 

Div.) 

HC CHj 

II 1 

H,C— C C==0 

\ / 

0 

1.25 

1 

' 1 

1 1 

1 

0.128 

i 

600 

3-phenyl-3- 

butene- 

1,4-olide 

(Sterling- 

TOnthrop) 

^C CH, 

^ 11 1 

HC C=0 

\ / 

0 

1.00 

0.063 j 

i 

i 

1 

292 

Clavacin 
(Dr. H. 
Raistrick, 
Lond. Sch. 
Hyg. 

Trop. 

Med., and 
Vick) 

H,C CH. 

\ 

0==C 0 

\ / 

C CH 

11 1 

HC C=0 

\ / 

0 

5.00 

1 

0.325 

1518 

Isocla%’acin 

(Vick) 

H.C CH. 

/ \ 

0=C 0 

\ / 

c — c 

1 1 

H.C C=0 

0 

5.00 

0.325 

1518 

Dimethyl- 

isoclavacin 

(Tick) 

CH, 

\ 

H.C C— CH, 

/ \ 

o=c 0 

\ / 

G C 

1 1 

H.C C=0 

V/ 

20.00 

i.m 

1 

4S79 

I 
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COUPOUND 

(SOOSCE) 

COEinCAl, ST8CCTC1B 

LimNAi posirr 

CONCENTI 

tnilllsrams per 
100 cc. 

fZ INOTROPIC 
lATtON 

millimoles 

POTENCY RA- 
TIO (OOABUN 
- 1) 

Dilactone of 
pulvinic 
acid (Dr. 
W. Berg- 
mann, 

Yale Dept, 
of Chem.) I 

0 

o=c C= C— / S 

\ / 

0 

O.IO 

0.0045GG 

21.3 

LAscorbic 

acid 

HO— C=C— OH 

H 1 1 

H.C— C— CH C=0 

1 I \ / 

OH OH 0 

1.25 

0.071 

334 

3-methyl-5- 

carboxy-2- 

pcntene- 

1,4-olide 

(Giarraan) 

H.C— C=CH 

1 1 

OH— C— H.C— CH C— 0 

11 \ / 

0 0 

20.00 

1.2S2 

6000 

Fenicillic 
acid (Dr. 
H. Rais* 
trick, 
Lond.Sch. 
Hyg. and 
Trop. 

Med.) 

H.CO— C==CH 

HO\l 1 

H.C— C— C C=0 

CH, 0 

6.00 

0.294 

1 

1374 

Carolic acid 
(Dr. H. 
Raistrick, 
Lond. Sch. 
Hyg. and 
Trop. 

Med.) 

OH 0 

1 II . 

C— =C— C(CH,).CH,OH 

1 1 

H.C— CH C=0 

\ / 

0 

10.00 

0.500 

2336 

Terrestric 
acid (Dr, 
H. Rais- ! 
trick, 
Lond.Scb. 
Hyg. and 
Trop. 

Med.) 

0 

II 

HO— C C— C(CH,).CHOH 

1 1 1 

H.C— CH C=0 C.H, 

\ / 

0 

20.00 

0.887 

4145 

Parasorbic 
acid (Am. 
Cyanamid, 
Calco 

Div.) 

CH 

/ % 

H,C CH 

1 I 

H.C— C^ ^C=0 

10.00 

i 

0.900 

4206 
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COUPOtTND 

(sotmcE) 

CHEmCAt STRUCTURE 

UlUKAI. POSITIVE INOTROPIC 
CONCEKTRATIOM 

roTENCV lA- 
tlO (OOASAIN 
= 1) 

milii^aras per 
100 cc. 

imUimoles 

Coumalinic 
acid (Ster- 
ling-Win- 
throp) 

0 CH 

11 / \ 

HO~C~C CH 

1 i 

HC C=0 

\ / 

0 

5.0 

0.446 

2000 

Coumarin 
(Dr. W. 
Bergmann, 
Yale Dept, 
of Chem.) 

CH 

^CH 

1 i-0 

V\ 

0 

20.00 

1.370 

6402 

Kojic acid 
(Northern 
Reg. Res. 
Lab.) 

1 

CH j 

HO— -C CH 

ii !! 

HC C— CHjOH 

1 

10.00 

1 

i 

! 

! 

0.714 

1 

3336 

Meconic acid ' 
(Dr. W. 
Bergmann, 
Yale Dept, 
of Chem.) 

0 i 

ii 

C 

HC C— OH 

!i 1! 

HO—C— C C~C— OH 

!! \ / 1! 

0 0 0 

1.25 

j 0.088 

1 309 

Furfural 

(Quaker 

Oats) 

i 

HC CH 

11 ii 

HC C— CHO 

\ / 

0 

>100.00 



Furfuryl al- 
cohol 
(Quaker 
Oats) 

HC CH 

!! 11 

HC C—CH-OH 

\ / 

0 

>100.00 



Nitrofura- 

zone 

(Eaton 

Labs.) 

HC CH 0 

i ii II 

O.N~C C-C==N— N— C— NHj 

\ / H H 

0 

>0.80 




* Dohvdrated ouabain: molecular weight = 584. 
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A summarj' of results appears m table 1 Tlie potency ratio listed is the 
denominatoi of the latio of the actnity of ouabain (as 1) to tlml of the agent 
undci cousidciation Thus, as this value iiicicascs, the potency dcciea^cs 
1. Lactone senes Of the satuiated lactones studied tuo alone displ lycd any 
actiMty, and this uas lehtncly slight These (ompounds weie 2-ke(() 3(3 ,3- 
dimcthv!aeiyl)butyrolactonc and 2-keto S-dimcthyhminomethylbutj rolac tone, 
the lattei being roughly tuue as potent as the foimer Despite then Ion oidei 
of activit 3 % howcvci, the^c agents wcic (apable of ic&loring the Inpodvnamic 
heart to 100 pei cent of its noimal amplitude m (onccntiations of .5 to 10 mgm 
per 100 (C The othei situratcd laetoncs nerc devoid of activitj at tlic highest 
(oncentration tested, 100 mgm pei 100 cc 

All of the unsatiunted lactones exetted some positive iiiotiopic effect The 
most potent of these by far nas the dilactone of pulvinic acid, which caused 100 
pel cent lecovery m concentrations winging from 75 to 150 miciogm pci 100 cc 
This high caidiotonic potency and the high relative cardiotoxicity of this dnig, 
lepoited in an earlier papei (1), prompted a finther study toward a piccisc 
measuiement of its lelativ^e cauhotonic potency. J)o‘?agc icspon«5c data from 

TABLE 2 


lietaliie cardiotonic aclviltcs of ouahatn, dtgiloiin, and the dilactone of puhinic acid 


DBCG 

CDm db s e 

SEl, POItSCY 
± St 

POTFNa 

so irriRTS 

Ouabain 

m\trotttn\t ttf 
JOOee 

37 3 ± 7 2 


»\Tro j 

1 

17 

Digitoxin 

83 8 ± 15 0 1 

445 ± 13 

1 2 3 

21 

Dilactone of pulvimc arul 

44 5 d: 8 G 1 

S3G sfc 22 

1 1 2 

18 


p, small numbers of heaits weic analj zed statistically bj" the method of maximum 
likelihood (10), and the results are summarized m table 2 
The EDjo reported m this table must not be confused with the crudei and 
moie inexact hminal positive inotiopic concentration found m table 1 , which w as 
obtained by the pielimmary screening technique, using a restricted number of 
heaits Rathci, the EDeo icpiesents a fan approximation of the dose necessary 
to pioduce a positive inotropic effect m 50 per cent of all hearts tested, and was 
anived at by investigating the lesponse of a number of hearts ovei a broad 
do'jage range 

The high standaid errors may be explained on the basis of the small samples 
of population used The potency ratio listed in the above table has been calcu 
latcd fiom actual concentiations, iccalculation on a millimolar basis^ gives a 
ratio of 1 18 6 foi the ouabam-dilactone of pulvimc acid comparison, which 
agiees well with the crudei latio of 1:21 3 found in table 1 
Othei compounds of the iinsatuiated lactone seiios which demonstiated a 
high oulei of activity were laevo ascorbic acid, 3 phenj 1 3-butene 1,4-oljdo, 

< Molecular ueight of dehydrated ouabuu = 5S4, of the dilactone = 290 
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and 3-pentene-l ,4-olide. Furthermore, the 2-pentene-l ,4-olide and 3-pentene- 
1,4-olide showed a cardiotonic ratio of 8:1 with each other (indicating that the 
latter was 8 times as potent as the former), which compared favorably with the 
earlier reported 10:1 cardiotoxicity ratio (1). 

In the clavacin series, the high cardiotoxicity of clavacin seemed to be super- 
imposed upon its cardiotonic activity. This effect maj”^ be seen in figure 1. 
Although 10 mgm. per 100 cc. exerted an immediate beneficial effect on the 
hj'^podynamic heart, yet within one minute the heart was stopped in S 3 'stolic 
standstill, which, however, could be reversed bj' immediate perfusion with normal 
Finger’s. Isoclavacin, on the other hand, demonstrated a powerful restorative 
effect on the hypod3mamic heart at the same concentration without toxicitj^ 
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Fig. 1. Cardiotoxicity of Clavacin immediately following its cardiotonic effect. In this 
uud the following figures time of day appears directlj- below the tracing, wldle under this 
may be found heart rate (per minute) and a record of the passage of time in intervals of 5 
seconds. 


(fig. 2). The methjdated derivative, dimethjdisoclavacin, .showed a compara- 
tively low order of activity. 

The unsaturated delta-lactones, coumarin and parasorbic acid, had the least 
cardiotonic activity of all the unsaturated lactones. Thus, it may be general^' 
stated that an increase in the size of the lactone ring from a five-membered one 
to a si.v-membered one results in deci’eased activity. Coumalinic acid proved to 
be the most effective of this series, perhaps because of its sj^stera of conjugated 
double bonds. This same situation prevailed in cardiotoxicity experiments 
reported earlier (1). 

2. Gamma-pyrone series. The displacement of the carbonyl group from an 
ortho-orientation with the oxj'gen bridge to a para-orientation as in the gamma- 
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pyronos had no diminisliing effect upon cardiotonic activity. Mcconic acid, for 
example, had the aliility to icstoro the hypodynamic lieart to its maximum con- 
traction at concentrations of l,2o to 10.0 mgm. per 100 cc. (fig. 3). It was 
effective, tlierefore, in the same range of eonccntiation as 3-pentene-l ,4-olide. 
The other gamma-pyronc studied, kojic acid, demonstrated approximately one- 
tentli this activity. 
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Flo. 2. The cardiotonic activity of Isoclavacui on the hypodi’namic isolated frog heiii t. 
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Fig 3. Tiie cardiotonic activity of Meconic acid on the hypodynamic isolated frog heart 
—the upper tracing at a level of 2 5 mgm per 100 cc., and the lower one at 10 mgm. per 100 
cc. 


3. Furan series. All of the agents in this group were devoid of cardiotonic 
activity. Thus, it may be stated generally that removal of the carbonyl group 
from the lactone structure leads to a complete loss of cardiotonic potency. 

Mechanism of cardiotonic action. An insight into the mechanism of the cardio- 
tonic action observed here has been sought in the reports of other investigators 
and in an accidental observation arising from this work. 
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1. Ouaham-lacionc inleraclion. In the course of experiments in wliich certain 
of the lactones and ouabain were tested on the same heart, it became apparent 
that ouabain was a powci-ful synergist® for these compounds. At a concentration 
of 10 microgm. per 100 cc. (roughly one-quarter of an EDgo— cf. table 2), 
ouabain induced recovery in all hj'podynamic hearts when it was followed or 
accompanied by subeffective doses of the lactones in question. Table 3 
summarizes these effects. 

The fact that the sjmergism was displa 3 ^ed as well when the ouabain was 
perfused tlu-ough the lieart before the non-glycosidal compound as when the.v 
were perfused together seemed to indicate some fixation of the gljniosidc in the 
heart. Stoll has suggested that such fixation may occur through the cholesterol 
present in the m 3 >’Ocardium (11). 


TABLE 3 


Synerffistir ejfccl of ouahnin zrilh various lactones on the hypndynamic frog heart 


1 

COMPOUND 

LIMIKAL POSITIVE 
INOTROPIC CON'CIIN'TRA- 
TIOX* 

LIUIKAL POSITIVE INO- 
TROPIC CONCENTRATION' 
AFTER PERFUSION WITH 
10 MICROGM. PERCENT 
or OUABAIN 


% 

mgm. % 

Ouabain 

0.0125 

0.0125 

2-Keto-3-dimeth3’laminnmethyllmtyrolactonc 

5.0000 

2.5000 

2-Pentene-l , 4-olide 

10.0000 

5.0000 

3-Meth3'l-5-carboxy-2-pentenc-l,4-oIidc 

20.0000 

10.0000 

Dilaotone of pulvinic acid 

0.1000 

0.0500 

3-Pentene-l, 4-olide 

1.2500 

1.0000 

3-Phen3d-3-butene-l,4-olidc 

i 1.0000 

0.6667 

Clavacin 

5.0000 

2.5000 

Coumarin 

20.0000 

10.0000 

Coumalinic acid 

5.0000 

2.0000 

Meconic acid 

2.5000 

2.5000 


* Minimum concentration causing 3 out of 4 hypodynamic hearts to recover to 75% 
or more of the maximum contraction within 20 minutes. 


It was found that the lactone structure was essential for this synergism with 
ouabain, since the gamma-p 3 Tones failed to show it. Figures 4 and 5 demon- 
strate these interactions. In these experiments, 10 microgm. per cent of ouabain 
did not exert a positive inotropic effect within 20 minutes when perfused through 
the h 3 'pod 3 mamic heart alone. 

Furthermore, it was interesting to find that the same synergism did not exist 
between any two of the lactones, nor could an 3 " of the lactones synergize the 
action of ouabain. In other words, if perfusion with any lactone were followed 

‘ The term sjmergist is used hci-e to denote an agent which in itself is cardiotonic, and 
whose presence lowers tlie concentration of another cardiotonic agent required to produce 
a desired effect. No potentiation is inferred, because a potentiator would have no cardiac 
activity per sc. 
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by perfusion anj other lactone (i c m sub effective doses) oi with ouabain, 
the positive motiopic action was not seen Moieovei, peifusion with sub- 
effective doses of any two ketones together failed to show a positive motiopic 
effect 

In ordei to determine vvhethei the ouabain lactone synergism weic a response 
to a specific or to a general steroid structuie, several expeiiments were con- 
ducted with estrone and androsteronc, instead of ouabain, co peifused with sub- 
effective doses of 3 pentene 1,4 ohde Both of the hormonal substances were 
devoid of any cardiac activity at a concentration of 100 miciogm pei 100 cc , 
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and in all cases cited, 1 mgm of 3 pcntenc-1,4 ohde per 100 cc had no positive 
inotropic action Figure 6 shows the cliaracteiistic response observed with 
estrone Potentiation with estrone was far moie stnlung than that with an- 
drosterone 

2 Peroxide lactone interaction Following an earlj observation of Peugnet 
(12) that coppei was essential foi the “beat strengthening” action of I ascorbic 
acid, Krayer found that the action of this agent could be accounted for by the 
formation of hydiogen peroxide dunng the process of dehydrogenation in aqueous 
solutions (13) Mendez extended this concept to explain the mechanism of 
cardiotonic action of the angelica lactones (8) It was decided in several of our 
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experiments to follow this approach indirec% by seeking a potentiation between 
sub-effective doses of hydrogen peroxide and of the lactones. 
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2-pentene-l,4-olide. The upper tracing demonstrates the failure of the lactone to exert 
a positive inotropic effect on an hypodynamic heart .at 10 mgm. per 100 cc., while the lower 
tracing shows the sjmergistic interaction. 
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Fig. 0. The interaction of estrone and a sub-effective dose of 3-pentene-l,4-olide on the 
hj'podynaniic isolated frog heart. 


After it had been established that 10 microgm. of hydrogen peroxide per 100 
cc. was devoid of cardiotonic activity (on all hearts observed for two hours), 
this concentration was chosen for subsequent experimentation. Table 4 
contains the results of these experiments. 

The most striking effect was seen with ouabain, which showed a cardiotonic 
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effect at 1 microgm pel 100 cc (roughly onefoitieth of an EDso) ^^hen co- 
perfusecl the pcrovide (fig 7). It should be noted that ouabain alone at a 
conccntiation of one microgm per cent consistently failed to give a po&itivc 
motiopic lesponse in thib ■\^oll^. 

The potentiation by peio\ide \\ab confined to the lactone senes, since neithci 
the gamma-pj rones noi the furans dcmonstiated the effect A typical lactone- 
peroMcle interaction maj be seen in figiue 8 m vhich a sub effective dose of 
coumahnic acid ^^hen co-peifused uith pcio\ideA^as capable of partially rcstoiing 
the hjpocljnamic heait to its ma\imum contiaction 

The poueiful action of the dilactonc of pulvmic acid vas not potentiated in 
this fashion by li^diogen pciOMdc, indicating that this agent acts tUiougU a 
diffeient mechanism 

Discussion The gieater cardiotonic activity of compounds with the della-2 
position of unsatiiiation pro\ides a close parallel with the gieatei caidiotoxic 


TABLE 4 

Interaction of hudrogen peroxide uith tanous lactones on the hypodynamic frog heart* 


1 

COifPOCVD 

t 

UMIS^L PftSlTIVa. 
ISOTROPIC CtJSCTSTRA 
TION 

MUlMI. POSITlVX ISO 
TROPIC COSCENT8MIOV 
M1IES PERFUSED MITJI 
lOD MICROGM PER CENT 
OF ll^DBOCEN PEROXIDE 


mjm % 

mgm % 

Ouabam 

0 0125 

0 0010 

2 Pentciie D,4 olide 

10 0000 

6 0000 

1 Ascorbic acid 

1 2500 

1 0000 

3 Pentenc 1,4 olidc 

1 2500 ' 

1 0000 

Coumarin 

20 0000 

10 oooo 

Coumahnic acid 

5 0000 

2 0000 

Dilactone of pulvmic acid 

0 1000 

0 1000 


* Minimum concentration causing 3 out of 4 hypodjnamic heirts to recover to 75% 
or more of the maximum contraction within 20 minutes 


activity of this configuration (1), and adds furthei evidence to the possibility 
that this IS the position of unsaturation m the lactone lesidue of such caidiac 
glycosides as digitoxin and ouabain This problem, howe\ei, is confused by the 
outstanding activity of the dilactonc of pulvmic acid, which is composed of two 
condensed gamma-lactone rings, both of which contain a double bond in the 
delta 1 position An explanation foi this situation may he m the lelatively 
high chemical reactivity of the conjugated double bond system, 'which is picsent 
in the dilactonc 

Fiom these obseivations it seems reasonable to infer that while delta 2 un- 
satuiation is most favoiablc for cardiotonic activity in the simple lactone stiuc- 
ture, still the delta 1 po«5ition of imsaturation can pioduce a high (oi, perhaps, 
the highest) ordei of activity when incorporated m a system of conjugated 
double bonds 

In an earlier work (1) it was calculated that the LDso foi the dilactone of pul- 
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vinic acid on the isolated frog heart was 44.5 ± 8.6 microgm. per 100 cc. This 
value stands out as a major discrepancy when compared with the ED50 for the 
same compound, calculated in this work as 86.6 ± 19.2 microgm. per 100 cc. 
Since, however, both doses were arrived at by different experimental maneuvers, 
they are not strictly comparable. In the case of the toxicity experiments the 
drug was perfused through the heart after being dissolved in noimal Ringer’s 
solution; furthermore, the limiting time in these e.xperiments was 120 minutes. 
On the other hand, in the determination of cardiotonic activity, the drag was 
perfused through the hypodjmamic heart while dissolved in low-calcium Ringer’s; 
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Fig. 7. The potentiating effect of hydrogen peroxide on the cardiotonic action of ouabain. 
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Fig. 8. The potentiating effect of lu'drogen peroxide on the cardiotonic action of cou- 
malinic acid. 

and the critical time here was 20 minutes. Moreover, it has been shown re- 
peatedly that in the presence of low calcium there is a definite decrease in the 
toxicity of cardiac drags for isolated heart preparations (14). The magnitude 
of discrepancy', howexmr, suggests that, had the time of observation been extended 
to 120 minutes in the cardiotonic experiments, hearts treated with an EDso of 
the dilactone would most probably have died in systolic standstill, despite the 
interplay of the low-calcium sparing effect. Rather than true cardiotonic 
effects, therefore, these findings may imply that our observations are reflections 
of a beat-strengthening action characteristic of the initial toxicity of the chemical 
agent. In point of fact, moreover, the good correlation between the relative 
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potencies of ouabain and digitoxin, from both the cardiotoxic (1 :2.3) and cardio- 
tonic (1:2.9) points of view, may be interpreted to indicate that their basic 
mechanism of cardiotoxicity and cardiotonic activity is but an expression of 
varying degrees of the same chain of chemical events. 

The experiments indicating a synergistic action between ouabain .and the lac- 
tones, and a potentiation by estrone, and to a lesser extent, androsterone on the 
lactones, may lend support to the suggestion that there is the formation of a 
steroid-enzyme complex capable of metabolizing a lactone moiety in a manner 
which yields energy to the contractile mechanism of the heart. In this regard, 
it has been shown recently that ouabain, digitoxin, and several steroidal sub- 
stances (cholesterol, digitonin, and sex hormones) are capable of increasing the 
anaerobic oxidation of lactate by homogenate of heart muisclc of vitamin E-de- 
ficient guinea pigs (15). To study this mechanism further, it would be de- 
sirable to obtain a steroidal compound with an hydroxy group in the C-14 
position, a glycoside linked to the C-3 position, and in the C-17 position, a sub- 
stituent sufficiently active to combine with an unsaturated lactone. 

The peroxide effect noted in this work might be looked upon ns an extension 
of some of the earlier observations of Mendez, who reported that the cardiotonic 
action of certain lactones may be directly ascribed to peroxides formed in solu- 
tions in the presence of metallic impurities. This peroxide effect was counter- 
acted by cysteine, glutathione and other — SH compounds, the sulfhydryl group 
presumably blocking oxidation by complex formation with the metallic impuri- 
ties (8). Mendez inferred later that the peroxide effect could be mediated by an 
oxidation process which would interfere with the normal function of sulfliydiyl 
enzymes; such a mediation was demonstrated with certain so-called — SH re- 
agents, such as porphyrindino, iodoacctamide, and mcrcaptide-foiming com- 
pounds (16). The potentiation of the lactones by peroxide demonstrated here 
furnishes further evidence for the importance of an oxidative process in the 
positive inotropic response of the hypodynamic heart to a cardiotonic drug. 

CONCLUSIONS 

1. Twenty-six lactone antibiotics and synthetic analogs have been studied for 
their cardiotonic activity on the isolated frog heart made hypodynamic with low 
calcium Ringers’ solution. 

2. The dilactone of pulvinic acid exerted a pronounced positive inotropic 
effect in the same order of concentration as that necessary for the cardiac glyco- 
sides, ouabain and digitoxin, to produce the same beneficial effect. 

3. All of the unsaturated gamma-lactones displayed some cardiotonic activity. 
Delta-2 unsaturation appeared more conducive to this effect than delta-1, except 
in the cases of delta-1 unsaturation associated with a system of conjugated double 
bonds. 

4. Saturation of the lactone structure abolished cardiotonic activity, while 
alkyl substitution diminished it. 

5. Unsaturated delta-lactones were less active than unsaturated gamma-lac- 
tones. 



134 


NICHOLAS J. GIAHMAN 


6. The gamma-pyrone structure displayed a surprisingly high order of activity. 

7. Ouabain demonstrated a S 5 mergistic effect with some of the unsaturated 
gamma-lactones in restoring the hypodynamic frog heart to its maximum ven- 
tricular contraction. 

8. Hydrogen peroxide potentiated the cardiotonic activity of some of the lac- 
tones, with the notable exception of the dilactone of pulvinic acid. 

The author wishes to aclmowledge his indebtedness to the following for having 
made available many of the compounds tested: Hr. W. Bergmann, Department 
of Chemistry, Yale University; Dr. M. L. Tainter, Sterling-Winthrop Research 
Institute; Dr. M. L. Crossley, American Cyanamid Company, Calco Division. 
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In a previous report (1) the findings on the toxic properties of gallium have 
been reviewed. In order to elucidate in part the mode of action of gallium a 
study of certain biochemical phases of the problem have been carried out. In 
this report we give results of the following studies, (a) influence of time on the 
excretion and retention of injected gallium in the rat and rabbit, (b) influence of 
time and route of administration on blood gallium, and (c) influence of injected 
gallium on formed elements of the blood. 

Expereuentai,. Influence of time on clearance of gallium in rats. — The ana- 
lytical method used in the determination of gallium in tissues and excreta has 
been given in detail previously (2). It is this method which has been used in the 
determination of the gallium content of the tissues of rata following a single near- 
lethal injection of gallium lactate (I, 3). Two or more of those rats were Idlled 
at stated intervals from four hours to 180 days following the subcutaneous injec- 
tion of 100 mgm, Ga/kgm. body weight. Duplicate determinations of gallium 
content of the liver, kidney and femur from each animal were carried out. In 
figure 1 are shown the results of the analysis of tissues from rats killed at the 
indicated intervals. Of particular interest is the rapidity with which gallium 
enters bone (femur) and is retained there in appreciable quantities for more than 
90 days. The liver and kidney while having moderate to high concentrations 
initially lose much of the gallium by 30 days and arc all at a low level after 60 
days. 

Control animals show no detectable galliiun in any tissue with. the possible e.x- 
ception of bone. Indications are that normal bone may contain traces of gal- 
lium, but of such small magnitude as to be below the threshold of the analytical 
procedure (<1 ppm). 

Rale and route of excretion of gallium hy the raihit. — To determine the rate and 
route of excretion of gallium in the rabbit, four grown albino rabbits were injected 
with gallium lactate, 90 to 100 mgm. Ga/kgm. body weight. These animals were 
individually housed in metabolism cages and the urine and feces collected peri- 
odically for a period of ten days. 

In table 1 are shown the results of studies of the excretion of injected gallium. 
In these four rabbits the urine accounts for 96 per cent of the gallium excreted. 
The balance was found in the feces and it seems probable that even this small 
amount may be due to contamination of the feces by the urine. As will be seen, 
the gallium rapidly makes its appearance in the urine at a high level, but the drop 

' The opinions or conclusions contained in this report are those of the authors. They 
are not to be construed as necessarily reflecting the views or the endorsement of the Navy 
Department. 
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is rapid so that after three days the urinary gallium approaches a constant low 
level, less than 1 mgm. Ga/day, which continues more than ten days. 

In view of the retention exhibited by the rats (6g. 1) the retention by the 
rabbit of injected gallium is also significant. The total subcutaneous dose of 
gallium lactate was 90 to 100 mgm. Ga/kgm., and by summation of the total ex- 
creted in ten days, we find that more than 85 per cent of the original amount of 
gallium was fixed in tissues ten days following the injection. This confirms the 
rat findings and indicates probable marked absorption by the skeletal tissues. 

Further study of the gallium content in bone of rats and rabbits has shown 
that both the soft marrow and periosteum contain approximately the same gal- 
lium content as muscle (2 to 6 ppm) whereas the hard structure (cortex) contains 
50 to 150 ppm. The trabecular bone (spongy) is still richer, containing from 100 
to 300 ppm. This deposition occurs in large part within four hours after injec- 
tion with gallium lactate and is carried to completion within 24 hours. 



Fig. 1. Ga content of tissues of rats following subcutaneous injection of 100 mgm. Ga/ 
kgm. as gallium lactate. 

Gallium in Wood.— To determine the influence of gallium on the blood, twelve 
rabbits were injected with gallium lactate, 20 to 35 mgm. Ga/kgm., and bled 
periodically by heart puncture and the oxalated blood centrifuged. The cells 
were washed with 0.9 per cent saline, while plasma was analyzed directly for 
gallium. Analyses of blood plasma from animals injected subcutaneously were 
compared with results from the same dose of gallium lactate given intravenously 
in order to determine the influence of mode of administration on plasma gallium. 

In figure 2 are presented data derived from studies of rabbits injected intra- 
venously with the indicated dose of gallium lactate. As will be seen whole blood 
contains considerably less gallium per cc. than does plasma. By washing the 
cells with 0.9 per cent saline it was found that while no significant amount of 
gallium is contained in the cells, all is carried by the plasma. As will be seen the 
ultimate plasma gallium is not affected by increases in dosage, since the fall is 
quite rapid and at 24 hours the two dosage levels have yielded plasma levels of 
1 to 3 microgm. Ga/cc. plasma. These studies were continued for fourteen days 
at which time the plasma concentration was approaching a trace level (<0.2 
microgm./cc.). From two to fourteen days the plasma levels gradually de- 
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creased from about 2 ppm'to the 0.2 ppm level. The points shonm on the curves 
in figure 2 are the average of values obtained from three or more animals. Analy- 
ses were run in duplicate. 

To determine the influence of route of administration on plasma gallium rab- 
bits were injected with gallium lactate, 20 mgm. Ga/kgm., subcutaneously or 
intravenously. At intervals thereafter blood was taken by heart puncture and 
the gallium content of the plasma determined. The intravenous results are 
shown in Curve B of figure 2. The subcutaneous dosage gave values of 10 to 15 
microgm. Ga/cc. plasma one hour after injection. There was no further rise in 
plasma gallium and the concentration slowly fell to 1-3 microgm. Ga/cc. plasma 
at hours, identical to the intravenously injected animals. This finding is ex- 
plained by the slower absorption from the subcutaneous tissues since these tis- 
sues, at the site of injection, still contain considerable gallium three days after 
injection of the lactate. 

TABLE 1 


Excretion of gallium following auhculaneous injection of Ga lactate (mgm. gallium excreted 
during intervale shown) 


KABBIT 

KO. 

TOTAL 
I>0SE OT 
CA 

VCIfJ 

EXetETED INOBLVK j 

1 1 

1 EXeSETED nr TECES 

% Of TO- 
TAL BOSE 
EXCXETEt) 
tK 10 BAYS 

0-24 1 
hrs 1 

24-48 

bri 

1 4M2 
hn 

72-120 

bts 

! 120-240 
hrs. 

0-24 1 
brs. j 

1 24-4$ 

1 brs. 

48-72 
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7M20 

bn. 

|l20-240 
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1 
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272 

25.6 


1.1 

i 4.2 

0.06 
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0.23 


12.8 

3 
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B 

1.4 

4.8 
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B 

m 

B 

B 

15.2 

4 

247 

8.6 

10.3 ' 

1 3.C 

1.8 

1 3.9 1 

1 0.07 

1 0.11 1 

0.04 1 

1.80 1 

0.77 

12.5 


^ Dosage 90-100 mgm. Ga./kgm. body weight. 
* Death followed this period. 


Examination of the slopes of the plasma curves in figure 2 will show that at 
very high plasma gallium levels the combination of excretion and tissue deposi- 
tion is quite rapid. The slope of the curves from 15 to 24 hours indicates that 
there is a second fixation process. Therefore the curves as observed seem to be 
a resultant of two independent processes, the nature of which we have no knowl- 
edge at this time. 

Influence of gallium lactate on formed elements ofhlood. — ^Rabbits, injected with 
near-lethal, and often lethal quantities of gallium lactate have showm no signifi- 
cant or marked changes in the formed elements of the blood. The rabbits used 
in these studies were those used in the toxicity determinations and represent a 
total of twenty animals. These rabbits liad received gallium lactate intra- 
venously in excess of 20 mgm. Ga/kgm. or if treated subcutaneously received in 
excess of 90 mgm. Ga/kgm. 

There was often a transitory decrease in the lymphocytes and an increase in 
segmented cells in 24 to 48 hours after injection, which lasted less than 48 hours. 
The total white cell count was within normal limits, as were the erythrocytes. 
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In terminal stages total white cell counts did increase, however this is considered 
to result from terminal pneumonia since the animals died of respiratory failure, 
probably caused by paralysis. ^ 

Discussion. From a study of the data presented in this paper, together with 
the toxicity, and distribution studies reported previously it seems probable that 
in gallium we have a new tool for the study of bone metabolism, both in the em- 
bryonic and post natal stages. By the analytical procedures developed it is 
possible to determine micro quantities of gallium, so that administration of non- 
toxic amoimts of gallium lactate null occasion no great change in the metabolic 
economy and \vill serve to tag bone structures at different stages of development. 





Pig. 2 


SUMMARY AND CONCLUSIONS 

Lxcretion of injected gallium is via the urine, with greater than 85 per cent of 
a near toxic dose retained in the rabbit more than ten days. 

The liver and kidney fix appreciable quantities of the gallium where it is re- 
tained in part for more than 30 days. Gallium enters the bone rapidly, in less 
than four hours, and is retained in large degree for more than 90 days. 

Gallium is transported v'holly bj^ the plasma, but is largelj'^ cleared therefrom 
within 24 hours. The influence of the amount of intravenous gallium is transi- 
tory since at 24 hours the plasma has attained a constant level of 1 to 3 microgm./ 
cc. The mode of injection influences markedly the initial plasma gallium levels. 
Intravenouslj' the plasma gallium is initially high and drops rapidly during the 
first six hours while subcutaneous injection produces onlj' a moderate plasma 
concentration, which falls slowly to a constant figure hy the end of 24 hours. 

No significant changes were obseiwed in the formed elements of the blood by 
injection of fatal or near-fatal amounts of gallium lactate. 

It is suggested that gallium maj' prove to be a new tool for the study of bone 
metabolism, both in embryonic and post natal stages of growth. 

REFERENCES 

1. Dudley, H. C., and Levine, M. D.: This Journal, (In Press). 

2. Dudley, H. C.: This Journal, (In Press). 

3. Dudley, H. C., and Garzoli, R. F.: J. Amer. Chem. Soo., 70: 3942, 1948. 



THE EFFECT OF LIVER DAMAGE ON THE ACTIVITY OF 
G-STROPHANTHIN IN THE RAT 

A. FARAH AND E. SMUSKOWICZ 

Departments of Pharmacology, University of Washington Medical School, Seattle, and 
the American University of Beirut, Beirut, Lebanon 

Received for publication January 31, 1040 

Under certain conditions the rat can tolerate about a thousand times as much 
g-strophanthin as the cat (1-4). This resistance of the rat is due to the ability 
of the rat heart to function in the presence of high concentrations of g-strophan- 
thin (5) and due to the rapid elimination of this glycoside by the rat (1-4). Bata 
were presented previously (G) which demonstrated the importance of the liver 
for this elimination process. The present study is a continuation of previous 
work and deals mainly with the effects of hepatotoxic agents (carbon tetra- 
chloride and phosphorus) on the sensitivity of the rat to g-strophanthin. The 
effects of these agents on the lethal dose, overall elimination rate, hepatic excre- 
tion and the sensitivity of the rat heart to g-strophanthin have been studied. 

Matebials and &t£TQODS. The methods employed wero essentially the same as those 
used in a previous study (6). 

The g-strophanthin used was a crystalline material containing 13 per cent water of crys- 
tallization. The concentration of g-strophanthin infused was 0.5 per cent in ph>'8iologicBl 
saline, The rates of administration of g-stropbanthln varied between 0 and 170 mgm. per 
kgm. per hour and four to twelve animals were used with each rate of administration. The 
heart was under direct observation and the Infusion was continued until ventricular fibril- 
lation or diastolic standstill occurred. All experiments were performed on male rats anes- 
thetized with Amytal (0.06 to 0.09 gm. per kgm.) given intrapcritoncally. 

Hepatectomy was performed by eviscerating the amytalized rats (6, 7). In a number 
of hepatectomized rats the kidney pedicles were ligated and following this procedure the 
lethal dose of g-strophanthin was determined by the constant infusion method. 

Carbon tetrachloride and phosphorus poisoning was produced by injecting these sub- 
stances subcutaneously daily for three consecutive days. The dosages employed were 0.8 
cc. per kgm. of carbon tetrachloride and 0.5 mgm. per kgm. of phosphorus dissolved in olive 
oil. Twenty-four hours after the last injection of the hepatotoxic agent the rats were anes- 
thetized with Amytal. The lethal dose of g-strophanthin was then determined by the con- 
stant infusion method. The treatment of rats with toxic doses of carbon tetrachloride or 
phosphorus resulted in a 15-25 per cent reduction in body weight. The infusion rates and 
lethal doses were based on the final weights of these animals. Following completion of the 
experiment the livers were removed, weighed, fixed and stained with eosin and hematoxylin. 

The rate of elimination of g-strophanthin was determined by the method of Hauptstein 
(8). It consists essentially of the determination of the lethal dose of the glycoside at dif- 
ferent rates of administration. In the rat a decrease in infusion rate resulted in an increase 
in the lethal dose. The elimination rate per kgm. per hour was calculated by dividing the 
differences between the lethal doses determined at various rates of infusion by the cor- 
responding diSerences in the time of infusion. 

Hepatic excretion was determined by assaying the bile of anesthetized rata collected 
from the cannulated common bile duct. Collection of bile was started after the single 
injection of 6 mgm. per kgm. of g-strophanthin and was continued for 45 minutes. The 
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bile was diluted 1:40 or 1:100 with modified Locke solution and assayed on five to eight 
isolated frog hearts (7, 8). • 

Langendorf hearts were prepared from rats under Amytal anesthesia. The chest was 
opened under artificial respiration, the heart was quickly removed and the aorta cannulated 
to the perfusion system. The perfusion fluid was Locke's solution (9), kept at a temper- 
ature of 37 to 38°C. The perfusion pressure was 90-100 cm. of water and the rate of per- 
fusion was regulated to be about 2 cc. per minute. The heart contractions were recorded 
on a smoked drum by means of a suitable lever. After a control period of 30 minutes with 
Locke’s solution as perfusion fluid, the heart was perfused with a 1:10,000 solution of 
g-strophanthin in Locke solution. The time of appearance of auriculoventricular block 
and systolic standstill was recorded. The hearts were observed for a period of 60 to 90 
minutes. 



RATE OF administration MGM PER KOM. PER HOUR 

Fig. 1. Effect of rate of administration on the lethal dose of g-strophanthin in the rat 
under varying conditions. All animals under amytal anesthesia. 

• • Control rats 

3 3 Rats pretreated with carbon tetrachloride 

O C Rats pretreated with phosphorus 

O O Eviscerated rats 

O O Eviscerated rats with kidney pedicles ligated 

Results. In the rat anesthetized with Amytal a decrease in rate of infusion 
resulted in a marked increase in the lethal dose of g-strophanthin (fig. 1 curve A). 
Thus a reduction of the rate of infusion from 170 to 45 mgm. per kgm. per hour 
resulted in a five- to sixfold increase in the lethal dose. This was due mainly to 
the elimination of the glycoside by the liver since hepatectomy completely 
abolished this characteristic increase (fig. 1 curve D) (see also (6)). Following 
hepatectomy there was no significant increase in the lethal dose when the rate of 
administration of g-strophanthin was reduced from 54 to 9 mgm. per kgm. per 
hour. 

Pretreatment of the rats with carbon tetrachloride or phosphorus reduced the 
lethal dose of g-strophanthin at all rates of administration studied (fig. 1 curves 
B and C). The slope of the curve relating rate of administration and lethal dose 
is probably an index of the elimination rate. For the normal Amytalized animals 
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this slope is much greater than for the CCU or phosphorus treated rats. This 
reduction in overall elimination has been confirmed further by calculating the 
elimination rate by Hauptstein’s method (8) and the results are given graphically 
in figure 2. It can be seen that in both the CCU and phosphorus treated groups 
elimination has been considerably reduced. Furthermore, it is interesting to 
note that the elimination rate is determined by the rate of administration; the 
lower the administration rate the smaller is the rate of elimination per unit of 
time. 

The method of Hauptstein for determining elimination rate is an indirect 
method and may be open to criticism. We have thus determined the excretion 



Fio. 2. The elimination of g^stropbantbin by tbo rat determined by the method of 
Hauptstein (8). 

A. Control rats 

B. Carbon tetrachloride treated rata 

C. Phosphorus treated rats. 

of g-strophanthin in the bile of normal, CCU and phosphorus poisoned anesthe- 
tized rats. The bile collected for 45 minutes was assayed on isolated frog hearts 
for cardiac activity. This assay procedure does not have the accuracy of the 
standard cat method but has the advantage of being useful in the detections of 
low concentrations of the glycoside (25-50 microgm. of g-strophanthin). At- 
tempts to apply the alkaline picrate reaction (10) to bile containing g-strophan- 
thin were not successful because of interference of some bile constituents with 
this reaction. The results of these excretion studies have been summarized in 
table 1. It can be seen that both CCU and phosphorus have markedly impaired 
the hepatic excretion of g-strophanthin. Thus both direct and indirect methods 
of elimination show that the hepatotoxic agents reduce the elimination rate of 
this glycoside. The two methods of determining elimination are not quantita- 
tively comparable since the experimental conditions are different for each of the 
two methods employed. 
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If the decrease of the lethal dose of g-strophanthin produced by pretreatment 
with hepatotoxic agents was due to liver impairment only, there should be no 
significant difference in this lethal dose between hepatectomized normal and 
hepatectomized rats pretreated with CCU or phosphorus. Such an experiment 
was performed and the results obtained are given in table 2. It is clear that the 
pretreated rats are about tmce as sensitive as the untreated animals. This 
marked d fference can be explained only on the basis of some ex-trahepatic effects 
of CCh and phosphorus which increase the sensitivity to g-strophanthin. These 
extrahepatic effects could be: (a) damage to some extrahepatic elimination mech- 

TABLE 1 

The excretion of g-strophanihin in rat bile under varying conditions 
G-strophanthin was injected intravenously in a dose of 5 mgm. per kgm. following which 
bile was collected for 45 minutes and then assayed on isolated frog hearts (see Methods). 
Each figure represents the result obtained on one rat. 


O-STBOPHASTHIH IN BILE: BBS CENT OF TOTAE AMOONI OF 
O-STEOPBANTHIN INJECTED 


1 

Control rats 

ecu treated rats 

Phosphorus treated 
rats 


70 

20 

20 


60 

40 

30 


80 

30 



70 

30 


Average 

70 

' 30 

1 

25 


TABLE 2 

The effect of carbon tetrachloride and phosphorus poisoning on the lethal dose of g-strophanthin 

in hepatectomized rats 



KUUBER 
or SATS 
USED 

RATE or 
ADinNISTSATlON 
UGU. PER RCU. 
PEE nOUE 

LETHAL DOSE 
UCH. PEE HCH. 

TIME TO 
PRODUCE 
CARDIAC 
ARREST IHK. 

Controls 

10 

54.3 ± 0,6 

9.6 ± 0.5 

10.5 ± 0.6 

Phosphorus poisoning 

6 

54.8 ± 0.6 

4.9 ± 0.4 

5.4 ± 0.6 

narhon tfttrfinMftn'dfi poisoninp 


55.3 ± 0.5 

4.5 ± 0.4 

4.S zk 0.8 




anism (b) a change in the extrahepatic distribution of the glycoside and (c) a 
change in the sensitivity of the heart to the glycoside. Attempts have been 
made to study these three factors. In their studies Hatcher and Eggleston (3) 
have pointed out that under certain conditions the urine of rats may contain 
small quantities of cardiac glycosides. It was thus possible that the hepatotoxic 
agents had damaged the renal excretion mechanism. We have tested this point 
by ligating the kidney pedicles in eviscerated rats. The results obtained have 
been plotted in figure 1 and -with our method no significant change in the lethal 
dose could be produced by this procedure. It is thus improbable that the differ- 
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cnccs between tlie CCb poisoned nnd the untreated eviscerated rats could be ex- 
plained on the basis of kidney damage produced by the hepatotoxio agents. 

Changes in extrahepatio binding of g-strophnnthin produced by the .hepatic 
poisons could not be determined, since no significant binding of g-strophanthin 
could be demonstrated by either the kidney, blood serum nnd striated voluntary 
or cardiac muscle. 

Change in sensitivity of the heart to g-strophanthin was studied on isolated 
rat hearts obtained from normal, CCU and phosphorus poisoned animals. The 
results have been summarized in table 3. It can be seen that the hearts of both 
the poisoned groups of animals were significantly more sensitive to g-strophan- 
thin than the liearts of normal rats. This sensitizing effect of CCh and phos- 
phorus pretreatment of the heart probably explains tbe differences in sensitivity 
observed in the eviscerated rats. Heubner nnd Hccht (11) have found a similar 
sensitization of the isolated guinea pig heart as a result of phosphorus poisoning. 

TABLE Z . 

Tht tTi/ltrence of corbon ielracMortVe and pfco«phoru8 on t^e sentitiviiy of rat hearts 
io g-strophanthin 


Isolated rat hearts, Langendorf technic, perfusion fluid Locke’s solution containing 
1:10,000 g-strophanthin. Hearts were obtained from normal rats and from carbon tetra- 
chloride and phosphorus poisoned rats anesthetized with Amytal. 


i 

KntBEK or 
scAsn 

STODZZD 

mTMszs or 

1 BEAUTS 

1 snowiKC 
! StOCK 

KBUBEX or 
aZAUTS 
8HOTMKC 
6Y8TOUC 
STAS'BSItLt 

or 

SONOTES TO 

rtooccE 

STA.VDSnU. 

Controls 

7 

1 1 

0 

Greater than 
60 minutes 

Phosphorus poisoning 

5 

3 

5 

41 

Carbon tetrachloride poisoning 

7 

3 

6 

30 


Discussion. In the rat, carbon tetrachloride and phosphorus poisoning pro- 
duced a marked reduction in the lethal dose and rate of elimination of g-strophan- 
thin. The results presented show that this reduction in lethal dose is due to at 
least two factors: (a) decrease in the hepatic excretion rate and (b) an increase in 
the sensitivity of the rat heart to g-strophanthin. The mechanism of this in- 
crease of sensitivity of the heart is not known. A third possible factor, namely, 
changes in extrahepatic distribution, could not be studied because no glj^coside 
could be found in extrahepatic tissue by the extraction procedures employed. 

Hepatotoxic agents arc frequently employed to prove the hepatic excretion or 
destruction of a substance. The results presented here indicate that such con- 
clusions are not reliable unless the hepatic mechanism can also be demonstrated 
by means other than the use of hepatotoxic agents. Changes in a biological 
effect as a result of the treatment with hepatotoxic agents are not necessarily 
due only to l.ver damage. Extrahepatic effects of these poisons must first be ex- 
cluded before reliable conclusions can be drawn. 
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SUMSLARY 

In the rat surgical hepatectomy (evisceration) reduces the lethal dose and 
elimination of g-strophanthin. Exclusion of the kidney has no detectable effects 
on the lethal dose of this glycoside. 

Carbon tetrachloride and phosphorus poisoning produces a reduction in the 
lethal dose of g-strophanthin. This reduction is due to the reduced excretion of 
g-strophanthin by the liver and to an increase in the sensitivity of the rat heart 
to g-strophanthin. 
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In 1946 it was reported from this laboratory (1) that prolonged thiopental 
(Pentothal) anesthesia eaused a prominent and long maintained increase in the 
blood sugar and reduction of the liver glycogen. The evidence suggested that 
there may be a disturbance of the enzyme systems of the liver during prolonged 
Pentothal anesthesia, since those animals on inanition diets and those on normal 
diets prior to anesthesia failed to convert glucose (administered during anes- 
thesia) into glycogen. During prolonged anesthesia there rvas described a pro- 
gressive decrease in the removal of bromsulphalcin from the serum by the liver. 
The view was expressed that the liver was likely “taxed” or placed under “strain” 
by prolonged Pentothal anesthesia, hence the embarrassment of certain of its 
metabolic processes. 

Several questions arose during the work previously reported, which we shall 
attempt in this paper to answer; i 

1. 4Vhat is the efleotivoness of insulin in controlling the hyperglycemia and the 
reduction of liver glycogen during prolonged Pentothal anesthesia? 

2. To what extent is it demonstrable that the protein enzyme system (con- 
cerned with deamination) like the carbohydrate enzyme system (concerned with 
the glycogenic-glycogenolytic pathways), is affected by prolonged Pentothal anes- 
thesia? 

3. To what extent can the liver be “protected” from “strain” or “ta.xation” 
during prolonged Pentothal anesthesia by high carbohydrate and/or high protein 
diets? 

We believe that the answers to these questions are not only important from the 
point of view of the efficacy of the prolonged use of Pentothal ns an anesthetic 
agent, but also they indicate the importance of the nutritional state during pro- 
longed Pentothal anesthesia, and the possible role of the liver in the metabolism 
of Pentothal. 

Methods. The experiments herein reported were designed to study in dogs: 1) the ef- 
fects of insulin on the blood sugar level, on the blood lactate and liver glycogen during 
prolonged Pentothal anesthesia; 2) the effect of prolonged Pentothal anesthesia on the con- 
version of the nutritional state on the course of prolonged Pentothal anesthesia. All ani- 
mals were anesthetized with 15-20 ragm./kgm. Pentothal sodium, administered intrave- 


r An abstract of this work appeared in the Federation Proceedings, 1947 and was pre- 
sented before the Federation of the American Societies for Experimental Biology, Phar- 
macology Section May, 1947. This work was made possible in part by a grant from the 
Rockefeller Foundation to Howard University School of Medicine. 
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nously, prior to which blood samples were drawn for the chemical determinations mentioned 
below. The animals were maintained in condition of surgical anesthesia by administering 
Fentothal intravenously, when necessary, using the thoracic wall reflex, described by White- 
head and Draper (2) , as a means of deternuning the state of anesthesia. In the e.xperiments 
where insulin was administered, the initial dose was given at the time the anesthesia was 
begun and thereafter at intervals of one-half hour (in some instances) and one hour (in 
other instances) during the experimental period. In e.xperiments where glucose was used, 
50 cc. of 50 per cent solution were injected intravenously just prior to the administration of 
the anesthetic and no more during the course of the experiment. In the amino acid experi- 
ments usually 10 mgm. of arginine were injected at the beginning of the anesthetic period 
and each hour during the experiment. In some few instances 20 to 40 mgm. were injected 
at the beginning of the experiment and no more during the course of anesthesia. By and 
large, each animal used in these anesthesia experiments had its own control period in which 
the effect of insulin on the blood sugar, liver glycogen and blood lactate, and the conversion 
of amino acid nitrogen to urea were studied in the unanesthetized state. Glucose, insulin 
and amino acid were administered the same as in the experimental period. Blood samples 
were drawn hourly. 

Animals on high carbohydrate diet received daily 20 gm. of lactose and 20 gm. of corn 
starch preceding the experimental period for one week in addition to their regular food. 
They received also during this period 10 cc. of 5 per cent glucose, given intravenously each 
day. Animals on high protein diet received 20 to 30 gm. of “Amigen” or “Delcos granules” 
a day for one week in addition to their regular food. Blood sugar was determined on 2 cc. 
samples of protein-free filtrate, using the Gibson modification of the Folin-Wu method for 
preparation of the filtrates (3). The manometrlc method of Hastings and Avery (4) was 
used for the determination of blood lactate. The amino acid nitrogen was determined by the 
Polin colorimetric method (5). The urea was determined by the method of Karr (6). The 
bromsulphalein method was used for studying liver function (7). In each of the above 
analyses, tubes containing the colored solutions were read in a Klett-Sumerson photo- 
electric colorimeter. 

At the end of most experiments, and in some instances after 12 hours, the liver was re- 
moved and weighed, and 30 gm. samples were minced and prepared for digestion and 
glycogen determination, using the well-known Benedict method. 

Results. Figure 1 shows the effect of insulin on the blood sugar and the 
lactic acid during the course of anesthesia. It can be seen here that doses of 4 to 
10 units of insulin per half-hour (depending on whether or not and in what 
amount glucose is administered) are satisfactory to prevent a sustained hyper- 
glycemia. Our average values for liver glycogen for these e.xperiments (ten in 
each category) were: (1) anesthetized-no sugar-no insulin 0.8 per cent, (2) anes- 
thetized-sugar-no insulin 0.9 per cent, (3) anesthetized-no sugar-insulin 1.4 per 
cent, and (4) anesthetized-sugar-insulin 2.0 per cent. The unanesthetized con- 
trol liver glycogen averaged 2.8 per cent. These results show that insulin ad- 
ministered during prolonged Fentothal anesthesia not only controls the blood 
sugar, but prevents the depletion of the liver glycogen during the course of anes- 
thesia. Probably, in the presence of glucose simultaneously administered insulin 
facilitates some storage of glycogen. 

Figure 2 shows that there is also a disturbance of the intermediary metabolism 
of proteins. The amino acids administered during anesthesia increase in the 
blood the first hour and remain increased throughout the anesthetic period, in 
contradistinction to the control, which rises the first hour, but begins to return 
toward normal by the second hour. Concomitantly there is a decrease in the 
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urea formation during anesthesia as compared \Wth the control periods of no 
anesthesia. There were fifteen experiments in this scries. 

Figure 3 represents results obtained from a study of the mgm./kgm. and 
mgm./kgm./hr. of Pentothal necessary to keep animals under surgical anesthesia 



HOURS ANESTHESIA 
— - — NO SUGAR, NO INSULIN 

NO SUGAR, 4 UNITS INSULIN 

PER 1/2 HOUR 

50 CC 50 Vo GLUCOSE 

10 UNITS INSULIN PER HOUR 

Fig. 1. A tyisical experiment showing changes of blood sugar and of lactic acid, and 
the influence of insulin on the same during prolonged Pentothal anesthesia. The first dose 
of insulin was administered at the beginning of the anesthetic period and subsequent doses 
each hour during anesthesia. The anesthetized untreated (insulin glucose) animals repre* 
sent the controls for this experiment. 

on normal, high carbohydrate and high protein diets. It can be seen that ani- 
mals on high protein diets required the greatest amount of Pentothal for hour to 
hour surgical anesthesia, followed by animals on high carbohydrate diets and 
then by animals on normal diets. This becomes more significant as we note that 
animals on high protein diets retained in the serum after 4 hours of anesthesia 
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only 2 to 3 per cent bromsulphalein (^-hour blood samples); the high carbohy- 
drate group retained 5 to 7 per cent and the normal diet group retained 15 to 20 
per cent. Furthermore, the glycogen values of the liver in the high protein 
group averaged 3.4 per cent; those of the high carbohydrate group averaged 2.0 
per cent, and those of the normal diet group averaged 0.8 per cent. 

Discussion. Our results suggest that there is indication for the administra- 
tion of insulin during prolonged Pentothal anesthesia, for not only is the blood 


o 



2 

O 

2 UNANESTHETIZED 


ANESTHETIZED 

Fig. 2. A typical experiment showing the changes in the blood amino acid nitrogen 
(lower two curves) and tne urea nitrogen (upper two curves) during the course of anesthesia. 
The unanesthetized period represents the control period. 

sugar controlled, but more important than that is the fact that pathways of inter- 
mediary carbohydrate metabolism are apparently undisturbed and glycogen de- 
pletion is inhibited. In a previous communication, mentioned above, we called 
attention to the possibility that prolonged Pentothal anesthesia interferes vdth 
the glycogenic-glycogenolytic pathway. 

Our evidence suggests that the conversion of amino acid nitrogen into urea is 
also affected by prolonged Pentothal anesthesia. Obviously the liver is not handl- 
ing excess quantities of amino acids as well in the anesthetized as compared with 
the unanesthetized state. The increases in blood amino acids correspond to a 
decrease in the production of urea. 

The fact that animals on high protein diets require a greater quantity of Pento- 
thal to maintain surgical anesthesia is to us significant, and it is more significant 
that animals on high protein diets show less bromsulphalein in their serum after 
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4 hours of anesthesia than animals on high carbohydrate or on normal diets; and 
that the glycogen stores show the same relationships. Indeed it seems to show 
that protein “protects” the liver best against “taxation” or “stress” that occurs 
during prolonged Pentothal anesthesia. And, more than this, since “protection” 
of the liver seems to afford more rapid disposal of Pentothal, it seems to be in- 
direct evidence that Pentothal is handled largely by the liver (probably de- 
stroyed). This obser\'ation finds strength in the work of Kelly, Adams and 
Shideman (8) who have recently shonm that the duration of Pentothal anesthesia 
is markedly increased in Eck fistula rats or in rats whose livers had been damaged 



TOTAL PENTOTHAL 



NORMAL DIET 


H5GH CARBOHYDRATE DIET 


HtGH PROTEIN DIET 


1 . body weight and the mgm./kgra./ 
‘ * four hours when they were on nor- 

. ’.nimals were used in each group. 


by carbon tetrachloride or in subtotally hepatectomized rats. No less signifi- 
cant than the above observations, however, is the point that the course of Pento- 
thal anesthesia is markedly influenced by the nutritional state; particularly do 
we refer here to a positive nitrogen balance, such as is afforded by a diet high in 
protein. Burstein (9) has called attention to this recently in his work on the 
nitrogen balance in relation to anesthesia. He showed that in Pentothal anes- 
thesia, particularly, rats on deficient protein diets detoxify Pentothal much less 
readily than animals on adequate protein intake. This results in a decrease in 
the amount of Pentothal necessary to maintain anesthesia and in an increase in 
the duration of anesthesia in the presence of hypoproteinia. 
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STJMMART AND CONCLUSION 

1. Experiments have been described pointing to embarrassment of the inter 
mediary metabolism of carbohydrates and of protein during prolonged Pentotha 
anesthesia, and the relation of protein, carbohydrate and normal diets to th( 
course of Pentothal anesthesia. 

2. The evidence suggests that insulin is indicated during prolonged Pentotha 
anesthesia since it not only controls the blood sugar level, but the blood lactate 
as well, and prevents an extensive depletion of liver glycogen. It is probabL 
that during anesthesia insulin facilitates some glycogen storage when glucose i' 
administered. 

3. The evidence seems to show that not only is the carbohydrate metabolisn 
disturbed in prolonged Pentothal anesthesia, but also the protein metabolism 
particularly the conversion of amino acid nitrogen to urea. 

4. The evidence seems to support the view that protein “protects” the livci 
better than carbohydrate since animals on high protein diet showed highei 
quantities of glycogen in the liver and disposed of bromsulphalein more effi 
ciently than animals on high carbohydrate or on normal diets. 

5. The “protection” of the liver by protein and the rapid disposal of Pentotha 
by animals on high protein diets seem to be related and these two points may wel 
give indirect evidence that Pentothal is handled largely at the liver (probably bj 
destruction). 

6. The nutritional state of the organism, particularly positive nitrogen balance 
influences the course of Pentothal anesthesia and detoxification of Pentothal. 
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Although most of the compounds in use as ontispasmodics arc esters, otlier 
chemical structures have been shown to possess this property (1-5). In a 
routine screening program compounds with the structure 


OH H H 



were found to possess strong antispasmodic activity when tested upon isolated 
rabbit ileum. More than one hundred related piperidyl compounds (0-9) were 
prepared and tested, and compared with the established antispasmodics, 
trasentin and atropine sulfato in their ability to relax both normal and spastic 
segments of rabbit intestine. Of all the variations the one common denom- 
inator for high antispasmodic activity was the structure 3-(N-piperidyl)-l- 
phenyl-l-propanol with substituents on carbon atom number one. Otlicr 
investigators (10-15) also have demonstrated the rela.xing effects of sub- 
stituted piperidines upon smooth muscle but have failed to recognize the efficacy 
of the structure which Ims been shown above. Six of the most active com- 
pounds were investigated more extensively with elaboration of the examination 
of pharmacodynamic action and studies of chronic toxicity. 

The chemical names, formulae and code numbers by which these compounds 
will be designated in tliis report appear in table 1 . All doses are in mgm. per 
kgm. of body weight unless otherwise specified and comparisons are in terms 
of dose-action relationship. 

Results. Acute ToxiciUj. Table 1 summarizes the data from 1211 mice 
and 633 rats used in establishing the intravenous and intraperitoneal LDjo for 
each of the piperidyls. Results with trasentin and atropine sulfate have been 
included for reference. Intravenously, the LDto for the six piperidyls ranged 
between 31 and 49 mgm. per kgm. in mice and between 25 and 49 mgm. per 
kgm. in rats. Although these values are of the same order of magnitude it is 

' Present address: Armour Research Foundation, Chicago, Illinois. 
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273C 1-(N-Piperi- OH 

I / V 297.9 49 162 49 137 

phcnyl-3- CII,— CIIj— CH^C— CHr-CHr-N H ^ (44-54) (145-159) (40-52) (122-151) 

hexanol IICl ' 
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* 19/20 fiducial limils, estimated by a modification of the method of Litchfield & Fertig (18). The modification all owed for the fact that 
the population was not homogenous in all cases and consisted of correcting the estimated values by multiplying by VCChi)*/-!* described 
by V^ilcoxon & McCallan (17). 
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interesting to note that in both species the most toxic compound was 267C, the 
least toxic 273C and that the 19/20 fiducial limits for these extremes did not 
overlap. Differences between the other members of the series were less well 
defined. The intravenous toxicities for the piperidyls may be compared ndth 
similar dose effects for 27 and 32 mgm. per kgm. of trasentin and 68 and 41 mgm. 
per kgm. of atropine sulfate in mice and rats, respectively. Comparable data 
for trasentin in mice and rats were not foxmd in the literature but Johnson and 
Rejmolds (18) reported that in rabbits the intravenous LDeo for this antispas- 
modic was 22.5 mgm. per kgm. Lee, Scott, and Chen (19) obtained an intra- 
venous LDso of 77 .5 mgm. per kgm. (zfc 3.5) for atropine sulfate in mice, a value 
which was duplicated satisfactorily in table 1. These data warrant the con- 
clusion that in mice and rats the differences between the intravenous toxicities 
of the sLx piperidyls, trasentin and atropine sulfate are of a minor order. 

In mice the values for the intraperitoneal LDto in the piperidyl series ranged 

from 3.1 to 4.4 times the intravenous values. The corresponding 

intravenous 

ratios for trasentin and atropine sulfate were 8.1 and 3.1, respectively. Sim- 
ilar ratios in rats ranged from 2.5 to 4.3 for the piperidyls except 275C for which 
the value was 6.5. The ratio for trasentin was 7.8 and for atropine sulfate, 
6.8. Intraperitoneally, 275C was the least toxic of the piperidyls in both mice 

and rats. Although the high ratios for trasentin in both species 

intravenous 

and for atropine sulfate in rats may be related to the intraperitoneal hydrolysis 
of these esters, a similar assumption does not explain the high value for 275C 
in rats. Perhaps a more important factor, common to all of the high ratios, 
is a favorable balance between the rates of absorption and detoxication or ex- 
cretion. The mouse intraperitoneal LD^o of 220 mgm. per kgm. for trasentin 
and that of 215 mgm. per kgm. for atropine sulfate (table 1) agree well vnth 
the value of 240 mgm. per kgm. recorded by Burtner and Cusic (20, 21) for 
both of these drugs. 

No attempt was made to determine the lethal dose in larger animals but th<i 
effects of sublethal oral doses were studied. The compounds were administered 
orally to fasted dogs in doses of 5, 10, 20 and 40 mgm. per kgm. The doses 
and number of dogs for each compound were: 5 mgm./kgm., 2 dogs; 10 mgm./ 
kgm., 2 dogs; 20 mgm./kgm., 6 dogs; and at 40 mgm./kgm., 4 dogs each for 
267C, 274C and 275C. The most noticeable symptoms produced by all the 
piperidyls except 275C were those which may be attributed to excitation of 
the central nervous system: restlessness, muscular tremors, myoclonic jerks 
of the head and neck, and severe clonic and tonic convulsions with opisthotonos. 

At doses of 5 and 10 mgm./kgm. 267C and 275C produced no symptoms. 
At 5 mgm./kgm. 237C, 273C and 274C caused a mild disturbance of equilib- 
rium. At 10 mgm./lcgm. these three compounds and also 23SC disturbed 
the equilibrium and in addition produced some muscular tremors and an oc- 
casional myoclonic jerk of the muscles of the head and neck. 

Of the six dogs given 20 mgm. of 267C, one showed a disturbed equilibrium 
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and one some muscular tremors. This dose of 27oC produced in one dog a dis- 
turbance of equilibrium and in four, drowsiness. Twenty mgm. per kgm. of 
compounds 237G, 238C, 273C and 274C exaggerated the effects observed after 
lower doses. The severity of the myoclonic jerks and muscular tremors pro- 
duced by 237C, 238C and 273C indicated that tliis dose represented the max- 
imal tolerated limit for these compounds. 

Forty mgm. per kgm. of 275C produced no muscular tremors or convulsive 
movements. Equilibrium was disturbed in lialf of the group and three-fourths 
of the animals showed drowsiness. Both 2670 and 274C at this dose produced 
muscular tremors. Two dogs given 2C7C and one given 2740 had severe con- 
vulsions with opisthotonos and clonic movements. 

The results obtained with 275C in dogs must not be interpreted as an indica- 
tion that this compound is not a convulsant in higher doses. In mice and in 
rats convulsions always accompanied the administration of doses immediately 
below and within the lethal range. However, even with fatal doses the con- 
vulsions of the animals given 2750 were less intense than those produced by the 
other piperidyls and these animals could be distinguished easily by their low 
muscular tone. 

Sodium pentobarbital diminished the incidence and intensity of the con- 
vulsions in rats produced by all of the piperidyls and decreased the mortality 
except in the group given 2750. 

Chronic Toxicitt. Doses. Multiple doses of these compounds were administered o- 
rally to dogs once daily, five days per week for fifteen weeks, and orally or intraperitoneally 
on the same schedule to mice, rats, guinea pigs, and rabbits for twelve to sixteen weeks. 
Dosing details are given in tabic 2. 

Changes in hematology, blood pressure, blood sugar, reproductive ability, liver function 
and kidney function supplemented changes in general appearance, rate of growth and mor- 
tality as criteria in the evaluation of chronic toxicity. 

Mortality. There w'crc no differences in mortality or general appearance 
between the dosed and control groups. 

Groivlh. Average growth curves for rats on each of the compounds and for 
mice and rabbits on 2750 have been included in figure 1. The data repre- 
sented in this figure show that in rats and mice the difference in weight between 
the dosed and control groups was never more than ten per cent. All of these 
compounds w'ere somewhat irritating w'hen injected intraperitoneally; compound 
275C was the most irritating member of the series. Rabbits dosed w’ith this 
compound had numerous abdominal adliesions when autopsies were performed 
at the end of the period; these adhesions undoubtedly contributed to the dif- 
ference of thirty per cent between the weights of the dosed and control groups, 
figure 1. After oral administration no evidence of irritation was observed in 
any species wdtli any of the compounds. 

With a single exception the growth of dogs did not appear modified by daily 
doses over a period of fifteen weeks; the weights of adults remained static and 
young animals continued to gain. Tlie exception lay in the group treated with 



156 


CUNNINGHAJI ET AL. 


238C. Tn’O dogs in this group developed such irritability that one was dropped 
from the series and the other lost nineteen per cent of its starting weight. 

Hematology. Observations on the hematology of mice, rats, guinea pigs, 
rabbits and dogs showed no evidence of changes in hemoglobin or total and 
differential cell counts. Blood from each species was examined for the presence 
of methemoglobin but none was found. 

TABLE 2 


Schedule Jor multiple doses* 


COilPOtTKD 

ROUTE or ADiOhnSTEATlON 1 

KUMBER or 

ANDlALSt 

SPECIES 

DAILV DOSE 

23rc 

Oralt 

4 

Dog 

msm./iim. 

20 

237C 

Intraperitoneal 

20 

Rat 

50 

237C 

Intraperitoneal 

10 

Mouse 

50 

237C 

Intraperitoneal , 

8 

Guinea pig 

50 

23SC 

Oralt 

4 

Dog 

20 

238C 

Intraperitoneal 

20 

Rat 

40 

23SC 

Intraperitoneal 


Mouse 

40 

238C 

Intraperitoneal 

8 

Guinea pig 

40 

267C 

Oralt 

4 

Dog 

20 

267C 

Intraperitoneal 

20 

Rat 

40 

267C 

Intraperitoneal 

10 

Mouse 

40 

267C 

Intraperitoneal 

8 

Guinea pig 

40 

273C 

Oralt 

4 

Dog 

20 

273C 

Intraperitoneal 

20 

Rat 

50 

273C 

Intraperitoneal 


Mouse 

50 

273C 

Intraperitoneal 

8 

Guinea pig 

50 

274C 

Oralt 

4 

Dog 

20 

274C 

Intraperitoneal 

20 

Eat 

35 

274C 

Intraperitoneal 

10 

Mouse 

35 

274C 

Intraperitoneal 

8 

Guinea pig 

35 

275C 

Oralt 

4 

Dog 

20 

275C 

Oral 

15 

Rat 

100 

275C 

Oral 

10 

Mouse 

100 

275C 

Intraperitoneal 

20 

Rat 

10 

275C 

Intraperitoneal 

15 

Rabbit 

30 


* Appropriate controls were included for each species and each compound, 
t Dogs were from both sexes; all other animals were males. 

J Post cibum. 


Miscellaneous Tests. Prolonged administration caused no significant changes 
in blood pressure of rats or dogs. Blood sugar levels in rats and phenol-sul- 
fonphthalein tests ^f or kidney function and bromsulphalein tests for fiver func- 
tion in dogs had not departed from the control values after three months of 
treatment. In a parallel experiment using both male and female rats multiple 
doses of the piperidyls did not modify fertility. 

Robbins (22) has demonstrated the susceptibility of the chick to production 
of cataract with such agents as 2, 4-dinitrophenol. To determine the effect 
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of this series of piporiclyls on the crystalline lens, twenty-eight 10-day old chicks 
were divided into seven groups of four each. The controls received 0.25 per 
cent 2, 4-dinitrophenol in the diet and cacli of the other groups was given one 
of the compounds in the same concentration. The controls developed tem- 



porary opacity of the lens in four hours and permanent opacity after eighteen 
to twenty-four hours. After two weeks on the diets containing piperidyls no 
instance of damage to the eye occurred. Growth was normal. 

Pathologists Peport. At termination of the periods of multiple dosing ani- 
mals from the six species studied w’ere sacrificed and subjected to critical gross 
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and microscopic examination^. The pathologist noted abdominal adhesions 
in the groups dosed intraperitoneally as the only abnormality. This finding 
ivas most frequent with 275C. 

Spasmolytic Action. Isolated Tissue. Spasmolytic action of this group of com- 
pounds on both normal and spastic segments of rabbit intestine was determined by the 
method of Magnus and recorded kymographically. The compounds were added directly 
to 100 cc. -of T 3 'rode's sdlution in a bath so constructed that the solution could bo changed 
without disturbing the tissue. Temperature was maintained at 3S,5°C. Spasms of a m.r- 
ogenic nature were produced by adding 25 mgm. (1:4,000) of barium chloride to the bath 
and those of neurotropio origin bj' adding 0.1 mgm. (1:1,000,000) of furfuri'l trimeth^dam- 
monium iodide (furmethide). This compound as shown by Fellows (23, 24) is a powerful 
Iiarasjmipathomimetic agent, stable and consistent in its action and capable of producing 
a maximal spasm hasting many hours. 

The relaxant effectiveness of the series has been compared with that of trasentin and 
atropine sulfate in concentrations of 0.0001, 0.0005, 0.001, 0.005, 0.01, 0.1 and 1.0 mgm. per 
100 cc. of Tj'rode’s solution. Each compound received a minimum of six trials in each 
concentration against both spastic agents. 

A typical record of one of these experiments is reproduced in figure 2 in which 
the spasmogenic effect of furmethide was coimteracted by 0.005 mgm. of the 
spasmolytic agent. The effect of this concentration upon activity of the normal 
intestinal segment is also included. The upward shift of the lower tracing 
represents the increase in muscle tonus caused by the spastic agent and the 
downward shift represents the decrease in tonus or the antispasmodic effect. 
These changes in tonus were measured upon the tracing and the antispasmodic 
effectiveness estimated in per cent. 

Examination of the data taken in more than 500 individual tests, in which 
the concentrations required to produce similar antispasmodic effects were com- 
pared, shows that 275C was one-half, 238C was three-eighths, 274C was one-fifth 
and 267C, 273C and 237C were each one-eighth as effective as atropine sulfate. 
It should be mentioned that even though the spasm had been inhibited com- 
pletely by these compounds normal rhythmical activity of the segment con- 
tinued, whereas atropine sulfate in sufficient concentration to abolish the spasm 
usually caused cessation of rhythmical contractions. 

When bariimi chloride was used as the spastic agent the minimal effective 
concentrations of the antispasmodics were somewhat greater than those re- 
quired to counteract neurogenic spasms, and more variations were encountered. 
Tracings from a t 3 '^pical experiment are reproduced in figure 3 in which the spasm 
induced bj' barium is antagonized by O.I mgm. of the antispasmodic. Testing 
all the compounds upon a single strip of muscle was not alwaj^s practicable be- 
cause of the toxicitj" of barium. Examination of the data collected in more than 
500 tests revealed that the piperidjd derivatives were comparable with atro- 
pine sulfate in their capacity to inhibit spasms induced bj^ barium. 

Thirij-VcUa Fislulae. Activity of these compounds upon intestinal loops in situ was 
studied in trained unancsthotized dogs with Thirj'-Vella fistulao. Contractions of the 
loop of intestine were registered upon a kymograph bj' means o( a suitable balloon and 

= We are indebted to Dr. F. I. Dessau for the gross examinations and histological studies. 
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CoMPARATiM Antispasmodic Actimt^ ov Isoi ated Rabbit Int^stivf 
Spa«!ticttj Induced b> Furmethide 

Fic 2 Record of 'ictivitj of normal mtcstiml strip (sej'ment A) and of spistic strip 
(segment R) in 100 cc bath of T\ lode’s solution at i temperature of 3S Roth strips 
were washed with fresh T^rode s solution between tests 

At the first signal 0 1 mgm of furfurjl tiimctliylammonmni iodide was added to pioduce 
spasm in segment B At the second signalO 005 mgm of the antispasmodic agent was added 
to both normal and spistic strips 



I6TC 2T9C IT*C 279 C 

CowPARATiiF Antispasmodic Activity ov Isolated Rabbit Intestine 
Spasticit> Induced bj Barium Chlorulo 

Fir 3 As in figure 2 these intestinal strips were immeised m 100 cc bath of T> rode 's 
solution at 38 At the first signal 25 0 mgm of barium chloride wag added to induce 
spasm At the second signal 0 1 mgm of the antispasmodic agent w as added 

pressure recording arrangement (25) 1 ffcctivcness w as rated upon the abiht j of the com 

pound to prevent a spasm when administered three minutes prior to the intravenous injcc 
tion of 0 025 mgm per kgm of furmethide This dose of furmethide causes a severe, us 
uallj maximal spasm lasting one or two minutes in this preparation 
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The usual procedure in these experiments was as follows: (1) with the recording appa- 
ratus in place the animal was allowed time to become adjusted to the surroundings and a 
tracing was made of the normal activity of the intestinal loop; (2) the standard dose of 
furmcthide (0.025 mgm. per kgm.) was given intravenously and the resulting spasm re- 
corded; (3) when the intestinal tonus was again normal as indicated on the continuous tra- 
cing, the test dose of the antispasmodic compound was given, also by the intravenous route, 
and followed after three minutes by the challenging dose of furmethide. 

Antispasmodic effectiveness was estimated in per cent after measuring upon the trac- 
ing the extent of the spasm caused by furmethide before and after the administration of 
the test compound. The animal was challenged with the standard dose of furmethide at 
ten-minute intervals to determine the duration of the protective action of the antispasmodic. 
This procedure was repeated in the same dog when practical, and in other dogs using in- 
creasing doses of the spasmolytic agent until the spastic action of furmethide was com- 
pletely blocked, or until S 3 TOptoms of toxicity from the antispasmodic were observed. Two 
to four animals were used to determine the effectiveness of each dose of each of the com- 
pounds. 

The necessity for using essentially asymptomatic doses and the inherent 
variabilities in the performance of even a well-trained animal do not permit a 
thoroughly quantitative evaluation; however, figure 4, which summarizes the 
results obtained in appro.ximatety one hundred trials in twenty dogs, shows 
certain definite differences in the antispasmodic effectiveness of the six piperid 3 d 
derivatives and atropine sulfate. It maj'^ be seen that 275C was the most effec- 
tive of the piperidyl group tested in the Thiiy-Vella preparation and was the 
only one which was capable of completely inhibiting the spasmogenic dose of 
furmethide. Atropine sulfate gave complete protection against the spastic 
agent at about one-sixth of the dose of 27oC required for similar protection. 
Concurrent observations in these experiments showed that the action of atropine 
sulfate persisted for periods of 60 to 90 minutes but the effectiveness of 275C 
usually disappeared in 20 to 30 minutes. Although 267C was the Aveakest anti- 
spasraodic in the piperidjd series its action was dependable and proportional 
to the dose. This compound was one-fourth as effective as 275C. 

Other effects. Central Nervous System Effects were chieflj’' those of stim- 
vdation and have been discussed in relation to acute toxicity. 

Mydriasis. One per cent solution of 275C applied to the conjunctival sac 
- of cats produced mydriatic action almost equal in intensity to that caused bj^ 
the same concentration of atropine sulfate. After four hours the effect greAA' 
less and after 30 hours had almost disappeared Avhile the action of atropine sul- 
fate persisted strongly for more than 168 hours. The other fiA^e compounds 
shoAA'ed positive mj-^driatic activity but the action Avas of a much loAver order than 
that of 275C both in intensity and duration. 

In contrast to the duration of its effect when applied localty, 275C AA-hen in- 
jected intraperitonealty in cats produced mj’-driasis AA-hich outlasted that of 
atropine sulfate. Bj" this route 1 mgm. per kgm. of 27oC produced a mydriasis 
equivalent in intensity to that giA^en by 0.4 mgm. per kgm. of atropine sulfate. 
Compounds 23SC and 274C produced a posith'e action but of a loAver order than 
that of 275C. Compounds 237C, 267C and 273C in doses of 1 and 2 mgm. per 
kgm. produced barely perceptible pupillarj'- changes. 

Sialoschesis. This effect Avas determined in etherized dogs bj" measuring the 
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flow from Wharton’s duct when the submaxillary gland was excited at 30-minute 
intervals by the intravenous injection of 0.025 mgm. per kgm. of furmethide. 
Saliva was collected and measured for a period of ten minutes after the stimula- 
tion, although control tests indicated that the effect was nearly always complete 
in five minutes. All of the six compounds tested e.\erted an atropinc-like in- 
hibition of salivarj’’ flow. In figure 5 the data comparing this sialoschesis with 
that of atropine sulfate have been plotted. Curves for only the weakest, 207C 
in a dose of 0.5 mgm. per kgm. and the most powerful compound, 275C in a dose 
of 0.25 mgm. per kgm., are shoum and compared with atropine sulfate in doses 
of 0.01 and 0.025 mgm. per kgm. On a dose relationship the activity of ati opine 
sulfate is about ten times that of 275C and a hundred times that of 2G7C. Com- 
poimd 238C is one-third ns effective as 275C, and 237C, 273C and 274C closely 
approachjthe activity of 2C7C. 



CoMrAiuTivE Antispasmodic Activitt on Thirt-Vella Loops in Dogs 
Spasticity Induced by Furmethide 

Fig. 4. The compounds ^\ere administered^ intravenously 3 minutes before the intra- 
* ’ -r , , . . )nium iodide. The dose 

. oup of vertical bars. A 
hts of these bars. Indi- 

Vagal AcliviUj. Another atropine-like feature of these compounds is their 
action upon the cardio-vagal mechanism. This effect was reflected in the 
changes in the carotid blood pressure caused by electrical stimulation of the 
right vagus nen^e in etherized dogs and rabbits. The stimulus employed W’as 
of such strength as would produce a fall of approximately 30 mm. of mercury. 
At ten- to fifteen-minute intervals after intravenous administration of the com- 
pound the right vagus was stimulated and the fall of the blood pressure compared 
with the effect of the same procedure during the pre-dosing period. Compound 
275C was about one-tenth as active as atropine sulfate in the dog (figure 6) 
since 0.5 mgm. per kgm. caused inhibition of vagal activit}*- of about the same 
intensity and duration as 0.05 mgm. per kgm. of atropine sulfate. Compounds 
237C and 274C, also shown in figure 6, displayed the weakest vagal inhibitory 
action; compounds 238C, 273C and 267C, not shown in figure 6, occupied inter- 
mediate positions. 
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COMPABATI%'E SlAtOSCHESIS IN DOOS 
Phannacologie Stimulus 

Fig. 5. Saliva was collected from Wharton's duct. Stimulation was produced by the 
intravenous injection of 0.025 mgm. per kgm. of furfuryl trimethylammonium iodide before 
and at the recorded intervals after the intravenous administration of the antispasmodio. 
The doses were; 267C, 0.5 mgm. /kgm.; 275C, 0.25 mgm./kgm.; atropine sulfate, 0.010 and 
0.025 mgm./kgm. 



Comparative iNHiBiTiojf or Cabdio-Vagaii Activitt in Dogs 

Fig. 6. Vagal inhibition was in relation to the prevention of a fall in blood pressure when 
the right vagus was stimulated electrically at intervals after one intravenous injection of the 
compound. The doses were: 275C, 237C and 274C, 0.5 mgm./kgm.; atropine sulfate, O.Oo 
and 0.10 mgm./kgm. 
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Blood Pressure and Respiratory Effects. All of the members of this series 
caused a transient fall in the blood pressure following intravenous injection in 
etherized dogs. The action was less than that of atropine sulfate given in the 
same doses and the pressure returned to normal in about one minute. The 
greatest depressor activity was shown by 237C and the least by 207C and 2740. 
A dose of 10 mgm. per kgm. of any of these compounds if injected rapidly in 
etherized dogs may cause death. Respiration was unaffected until a fatal dose 
had been given and it was difficult to determine whether circulation or respira- 
tion was first to fail. 

Diuretic Action. By the Lipschitz assay (20) in rats the following values for 
diuretic potency were obtained: urea, 1 ; theophylline, 115; 2740, 103; 2670, 104; 
2730, 144; 2750, 183; and 2380, 320. 

Sympatholytic Activity. Compound 2670 was the only member of the series 
exhibiting any antagonism to the pressor action of epinephrine. 

Isolated Rat Uterus. All of the piperidyls depressed the activity of this prepa- 
ration to some degree but the effective concentration of the most active com- 
pounds, 2750 and 2380, was about one hundred times greater than that re- 
quired to depress isolated rabbit intestine. 

Antihistaminic Action. Activity as measured upon isolated guinea pig ileum 
was definite but less than one five-hundreth of that of chlorothen citrate (Tag- 
athon) (N,N-dimethyl-N'-(2-pyridyl)-N'-(5-chloro-2-thenyl)-ethylenediamine 
citrate) with little variation betw’een members of the series. 

Local Anesthesia. Local anesthetic action was determined in cats’ eyes by 
the Von Frey hair technique and in the guinea pig skin after mtradcrmal in- 
jections. All members of this series except 2370 produced some anesthesia in 
the eye. Compound 2380 was the most potent and produced activity of the 
same order as cocaine. Arranged according to descending activity the order 
and rating of the compounds were; 2380, 10; 2670, 9; 2740, 6; 2730, 5; 2750, 1 ; 
2370, 0. Some evidence of irritation to the cornea and conjunctiva was ob- 
served with all of the compounds. Only 2740 and 2750 produced anesthesia 
by intradermal injection in the guinea pig. However, both compounds caused 
irritation and this factor rendered an assessment of local anesthetic action dif- 
ficult. 

Discussion. A comparison of some of the pharmacological properties of 
this series of compounds has been summarized in table 3. These values were 
estimated from dose-action relationships; atropine sulfate was given the arbi- 
trary rating of 100. 

Correlation of structure and action in this group of piperidyl propanols per- 
mits the conclusion that the cyciohe-xyl substituent is more potent than the 
propyl, isopropyl, butyl, isoamyl or the phenyl group in enhancing antispas- 
modic activity, sialoschesis, mydriasis and cardio-vagal inhibition. The cyclo- 
he.xyl analogue (275C) is consistent in the proportionality between dose and re- 
sponse and in the reliability of the response to a constant dose. Comparison 
of the activities of atropine sulfate and 275C indicates that as an antispasmodic 
atropine sulfate is two times as strong as 275C on the isolated intestine and 
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six times as strong in Thiry-Vella dogs. However, it is eight times as strong 
as an antisialogogue, three times as strong as a mydriatic and ten times as strong 
as a cardio-vagal inhibitor. These correlations indicate that the value of 2750 
as a rival of atropine sulfate will be determined only by a comparison of the 
actions of effective doses in a given syndrome. 

Compound 2670, though a weaker spasmolytic than 2750, is consistent in 
this effect and has a low incidence of side actions. 

Although the tests for chronic toxicity did not reveal undesirable character- 
istics in any of the compounds the narrow margin between the excitant and 

TABLE 3 

Some pharmacodynamic relationships of the piperidyl alcohols, atropine sulfate and trasentin 
The values were calculated from dose-action relationships; atropine sulfate was given 
the arbitrary value of 100. Doses were administered intravenously to dogs and intra- 
peritoneally to cats. 


COMPOUKD 

SIALO- 

SCHESIS 

CARDIO- 

VACAL 

INHIBITION 

ANTISPASMODIC ACTIVITY 

MYDRIASIS 

(intensity) 

Isolated 

Intestinal 

segmentf 

Thiry- 

Vellaf 


{Dog) 

{.Dog) 

{RalM) 

{Dog) 

{Col) 

Trasentin* 

0 

0 

2.4 

1.0 

0 

2370 

0.7 

1.6 

11.4 

5.0 

2.8 

2670 

0.7 

3.3 

12.5 

4.0 

2.8 

2730 

1.3 

3.3 

12.1 

5.0 

2.1 

2740 

1.3 

1.6 

18.2 

6.0 

15.8 

2380 

4.0 

5.0 

36.4 

5.0 

15.2 

2750 

13.0 

10.0 

47.1 

16.0 

•35.0 

Atropine sulfate 

100.0 

100.0 

100.0 

100.0 

100.0 


• In the tests for sialoschesis and cardio-vagal inhibition the dose was 0.5 mgm./kgm- 
and for mydriasis, 2.0 mgm./kgm. Larger doses were not tested. 

t Spasm in these preparations was produced by furfuryl trimethylammonium iodide. 


antispasmodic doses discourages interest in further study of 2370, 2380, 2730 
and 2740. 


SUMMARY 

1. The pharmacology of six compounds with the nucleus 3-(N-piperid}d)- 
1-phenyl-l-propanol with substituents on carbon atom number one has been 
investigated. The substituents were: cyclohexyl, phenyl, propyl, isopropyl, 
butyl and isoamyl. 

2. The acute intravenous toxicity of these compounds in rats is of the same 
order of magnitude as that of atropine sulfate. In mice atropine sulfate is 
approximately one-half as toxic. 

3. Extensive studies of chronic toxicity in mice, rats, guinea pigs, rabbits 
and dogs, did not reveal systemic changes attributable to multiple doses of 
these compounds. 
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4. All of the compounds are potent antispasmodics and in varying degrees 
exhibit other parasympatholji-ic effects. Like atropine sulfate they stimulate 
the central nerv'ous system in high doses. 

5, The isoamyl derivative, 267C, though the weakest spasmolj^ic in the 
group compares favorably with other synthetic antispasmodics. It has a low 
incidence of side actions and a wide margin between the effective antispasmodic 
dose and the excitant dose. 

G. The strongest antispasmodic in this group is the cyclohexyl derivative, 
275C, which approaches atropine sulfate in activity. In the lower doses the 
parasympatholytic effects are accompanied by a mild depression of the central 
ner\’ous system and in laige doses by excitement. The difference between the 
depressant dose and the excitant dose is large. 

REFERENCES 

1. Bucke, F. F.: J. Lab. & Clin. Med., 26: 131, 1040. 

2. Cunningham, R. W., and Fellows, E. J-: Fed. Proc. 1: 148, 1942. 

3. Raymond, A. L.: J. Am. Pharm. A^oc., 32: 249, 1943. 

4. Burtner, R. R. : Synthetic Antispasmodics. A. A. A. S. Medicinal Chemistry Section, 

Gibson Island Conference, 1945. (Separate). 

5. Winder, C. V., ICaiser, M. E., Anderson, M. M., and Glassco,E.M.: This Journal 

87: 121, 1946. 

C. Denton, J, J., Turner, R. J., Neier, W. B., Lawson, V. A., and Schedl, H. P.: J. 
Am. Chem. Soc. In press. 

7. Denton, J. J., Lawson, V. A., Neibr, W. B., and Turner, R. J, : J. Am. Chem. Soc. 

In press. 

8. Denton, J. J,, Neier, W. B., and Lawson, V. A.: J. Am. Chem. Soc. In press. 

9. Denton, J. J,, Schedl, H. P., Neier, W. B., and Lawson, V. A.: J. Am. Chem. Soc. 

In press. 

10. Fromhbbz, K.j Arch. f. exper. Path. u. Pharmakol., 173: 8G, 1933. 

11. ScHAUMAKN, O.: Arch. f. exper. Path. u. Pharmakol., 196; 109, 1940. 

12. Fellows, E. J., and Cunningham, R W.: Fed. Proc. 1: 161, 1942. 

13. Foster, R H. IC, Moencii, L. J., and Clark, H. C.: This Journal, 87: 73, 1946. 

14. Becker, T. J., Ananenko, E., Gx.enwood, G., and Miller, L. C.: Fed. Proc. 5; 163, 

1946. 

15. Burtner, R. R., and Browd, J. M.; J. Am. Chem. Soc., 69: 630, 1947. 

16. Litchfield, J. T., Jr., and Fertio, J. W.: Bull. Johns Hopkins Hosp., 69: 276, 1941. 

17. WiLcoxoN, F., AND McCallan, S. E. a.: Contrib. Boyce Thompson Inst., 10: 329, 

1939. 

18. Johnson, J. R., and Reynolds, S. R. M.: This Journal, 69: 365, 1937. 

19. Lee, H. M., Scott, C. C.i and Chen, K. K.: J. Lab. & Clin. Med., SO: 700, 1945, 

20. Burtner, R. R., and Cusic, J. W.: J. Am. Chem. Soc., 66: 1582, 1943. 

21. Burtner, R. R., and Cubic, J. W.: J. Am. Chem. Soc., 66: 262, 1943. 

22. Robbins, B. H.: This Journal, 80: 264, 1944. 

23. Fellows, E. J., and Livingston, A. E.; This Journal, 68; 231, 1940. 

24. Fellows, E. J., and LI^^NOSTON, A. E.: This Journal, 74: 65, 1942. 

25. Gruber, C. M., Hart, E. R., and Gruber, C. M,, Jr.: This Journal, 73: 319, 1941. 

26. Lipschitz, W. L., Hadidian, 2., and Kerpcsar, A.; This Journal, 79; 97, 1943. 



THE EFFECTS OF NAPHTHOQUINONES ON GLYCOLYSIS IN 
MUSCLE EXTRACTS! ■ = 

CHALMERS L. GEMMILL 

Deparlmenl of Pharmacology, University of Virginia, School of Medicine, Charloilesville, 

Virginia 

Received for publication February 9, 1949 

Considerable attention has been given to the naphthoquinones in various 
fields in recent years. In addition to the outstanding discovery that vitamin K 
has a naphthoquinone nucleus, these compounds have been studied for their 
antimalarial (1), fimgicidal (2), antitubercular (3) and antibacterial actions (4). 
In addition, some of the naphthoquinones have the power to inhibit mitosis 
which makes them of interest from the standpoint of tumor growth (5). It has 
been suggested also that the naphthoquinones may prevent tooth decay by 
inhibition of acid formation in the saliva (6). 

In order to explain these many actions of the naphthoquinones, some work 
has been done on their possible enzymatic site of action. Potter (7) has shoum 
that 1,4-naphthoquinone and 2-methyl-naphthoquinone inhibit the oxygen 
uptake of the succinate oxidase system. Ball, Anfinsen and Cooper (8) have 
made an extensive survey of the inhibition by naphthoquinones of the o.xygen 
uptake by the same system and in Plasmodium hnowlesi and in yeast cells. 
They came to the conclusion that the inhibitory effect is between cytochrome c 
and cytochrome b in the chain of respiratory enzymes. Heymann and Fieser (9) 
used this inhibitor action as a screening procedure for antimalarial compounds 
but found that the inhibitory action on the succinate oxidase system did not 
parallel the in vivo antimalarial action of some of the napththoquinones. Wendel 
(10) has described an inhibition of the o.xygen uptake and the use of carbohydrate 
in erythrocytes parasitized with P. lophurae. Fieser and Heymann (11) have 
extended this work by studying a large number of naphthoquinones for their 
relative antirespiratory activity. They concluded that the inhibitory action was 
produced by combination with and deactivation of a respiratory enzyme. 
Anfinsen (12) has demonstrated that the respiration of sea urchin eggs is veiy 
sensitive to 2-hydroxy-3(2-methyl-octyl)-l, 4-naphthoquinone. 

Bueding, Peters and Waite (13) have shorni that 2-methyl-l,4-naphthoquin- 

' Experiments reported before the American Society for Pharmacology and Experimental 
Therapeutics, Fed. Proc., 7 : 220, 1948. 

’ The author wishes to thank the American Cancer Society for a grant which aided this 
work. The author appreciates and wishes to thank Dr. L. F. Fieser, Harvard University, 
Dr. J. A. Aeschlimann, Holfmann-La Roche, Dr. K. K. Chen, Eli Lilly and Co., Dr. M. T. 
Leffler, The Abbott Research Laboratories, Dr. O. Kamm and Dr. A. C. Bratton, Parke 
Davis Co., Mr. J. Magoffin, Tennessee Eastman Corp., Dr. R. Baltzly, Wellcome Research 
Laboratories and Dr. R. J. Anderson, Yale University for their generous gifts of many 
of the compounds used in this work. He wishes also to thank Mrs. F. P. Lively and Mrs. 

J. G. Bowman for their technical aid. 
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one inhibits aerobic gl 5 "CoIysis in Schistosoma Mansoni in vitro and Warren (14) 
has obscr\'ed a similar inhibition in bone marrow. !Me 3 ^erhof and Randall (15) 
have reported an inhibition of respiration, glycolysis and motility of Trypanosoma 
eqiiiperdum in vitro. On purified enzymes, some of the napthoquinones have 
been shown to inhibit papain (10) and urease (17). 

In view of these many activities of the naphthoquinones, it was decided to 
test various naphthoquinones on the anaerobic glycolysis of glycogen to lactate in 
muscle enzjTne solutions in order to sec if any activity of the naphthoquinones 
might be on this fundamental process. 

Methods. The methods employed were similar to those used by Gemmill (18) in the 
study of the effects of alloxan on muscle glycolysis. The muscles of the hind legs of frogs 
were dissected quickly, weighed, and placed in a cooled mortar containing sand. For each 
gram of muscle 1.5 cc. of cold water were added to the mortar. Tho mixture was ground 
and centrifuged. The supernatant fluid was used for tho determinations. In each War- 
burg vessel were placed 1.0 cc. of extract, 0.2 cc, of 2.6 per cent sodium bicarbonate solution, 
varying amounts of the chemical compound under study and 0.2 cc. of 4.0 per cent glycogen 
in the side tube. The final volume was adjusted to 2.2 cc. Several vessels were prepared 
with a similar mixture except that the chemical compound under study was omitted. These 
mixtures gave the results for normal glycolysis. The vessels were placed in the water bath 
at 25.8®C. and 95 per cent nitrogen and 5 per cent carbon dioxide were passed through them 
for six minutes. The gas was discontinued, the side tubes closed and the vessels shaken for 
another five minutes before the first readings were taken. After these readings, the stop- 
cocks were closed, the glycogen solution was tipped over into tho reaction vessel and readings 
of the carbon dioxide liberated from the bicarbonate solution were made every ten minutes 
for a period of one hour. The inhibitor was in contact with the enzyme systems for ap- 
proximately fifteen minutes before the first reading was taken. Results are reported in 
terms of cu. mm. carbon dioxide liberated per hour. The normal glycolysis was generally 
of the order of magnitude of 400 cu. mm. of carbon dioxide per hour. Part of this glycolytic 
activity came from substrates present in the muscle mixture and part from the added glyco- 
gen. In fact, the addition of glycogen may be looked upon as a means of saturating the 
system with substrate for the determinations. 

Considerable difficulty was encountered in the use of several of the naphthoquinones on 
account of their insolubility in water. It was decided to dissolve these compounds in a 
minimum amount of absolute alcohol, dilute ibis solution nith water and then, if the com- 
pound remmned in solution in this mixture, to add the alcohol-water mixture to the enzjone 
in solution. In each case, a control determination was made by adding an equivalent 
amount of alcohol-water mixture to an enzyme solution and determining the effect of the 
alcohol on the rate of glycolysis. In these determinations when the final concentration of 
alcohol exceeded 8 per cent an inhibitor effect on glycolysis was noticed. In any case in 
which the effect exceeded 10 per cent of the normal value, the experimental results were dis- 
carded. No correction was made for tho slight change in volume caused by adding water to 
the alcohol in the calculation of the Molar values. Compounds which were in the form of 
the hydrochloride were used without additional neutralization. The Molar concentrations 
are reported in terms of the final concentrations of the compounds in the enzjTne solution 

Results. Tlie results are presented in tables 1 and 2 and figures 1 and 2. 
Tlie first naphthoquinone used, sodium 1 ,2-naphthoquinone-4-sulfonate, proved 
to be a powerful inhibitor of glycolysis. Numerous experiments were carried 
out with this compound in order to relate its activity with concentration. The 
results are given in fig. 1. It can he seen in this figure, that small concentrations 
of this naplithoquinonc increased glycolytic activity slightly, while larger con- 
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centrations caused a progressive decrease, with practically complete inhibition 
occurring about 6 X IQ-^ Alolar solution, although in one experiment complete 
inhibition Avas obtained with 4 X 10~* Molar concentration. 

Following these experiments, numerous experiments were made Avith various 
naphthoquinones some of AA’hich had an inhibitory effect on glycolysis. These 
results are presented in two tables. Table 1 giA’-es the series of naphthoquinones 
AA'hich gave inhibition AA-hile table 2 contains the compounds studied AA'hich did 
not cause inhibition in the concentrations used in these experiments. It is 
interesting to note in this table that in addition to 2-methyl-l ,4-naphthoquinone 



Fig. 1. Effects of increasing concentrations of sodium l,2-naphthoquinone-4'sulfonato 
on glycolysis. Abscissae: final concentration of naphthoquinone in enzyme solution; 
ordinates, per cent of normal glycolysis for one hour determinations; x, single determina- 
tion; ®, average of three determinations. 

several other compounds AA'hich have Autamin K activity also are inliibitors of 
glycolysis. These are sodium 2-methyl-l ,4-naphthohydroquinone diphosphate 
and 2-methy]-4-amino-l-naphthol hydrochloride. Another interesting fact is 
that a halogen attached to the 2 or 3 position increases the inhibitor acthuty of 
the molecule. Practically complete inhibition of glycolysis AV'as obtained with 
0.20 X 10“^ Molar concentration of 2-methyI-3'bromo-l, 4-naphthoquinone in 
contrast to the use of 1.6 X 10~® Molar solution of 2-methyl-l ,4-naphthoquinone 
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TABLE 1 


Naphihoqutnones vhich inhibited glycolysis 


COUFOUKO 

UOLAZ 

CONC. 

1 X I0-* 

CLVCOLYSIS 

cu. ini. CO} PEi noTTR 

PEK cun' 
OP 

KOBUAL 

CLYCOtVSlS 

Without 

With 

Sodium 2-methyl-l,4-naphthohydroquinonc 

0.3 

474> 

420 

89 

diphosphate j 

0.4 

474« 

408 

86 


0.6 

474* 

383 

81 


1.4 

373* 

264* 

71 

1 

2.2 

406* 

273* 

67 

2-hydroxy -3-methyl-l,4-naphthoquinonc ' 

0.6 

344* 

366* 

104 

(Phthiocol) 

1.0 

383* 

202* 

63 


1.9 

416* 

109* 

1 

26 

2-methyl-4-amino-l-naphthol hydrochloride 


260 

321 

128 



250 

207 

83 



39S* 

237* 

GO 

2-hydroxy-l,4-naphthoquinonc (Lawsone) 

0.3 ; 

456* 

510 

118 


0.5 1 

456* 

641 

119 


0.6 ! 

422 

122 

29 


0.8 

422 

388 

92 


1.0 

422 

378 

90 


l.C 

422 

243 

1 68 


1.6 

344* 

256* 

! 74 

1,4 Naphthohydroquinono 

0.3 

466* 

576 

126 


0.6 

466* 

280 

61 

2'methyl'3-bromo-l,4-naphthoquinono 

0.2 

330 




0.3 

436* 




0.03 

435* 




0.003 

435* 




0.6 1 

330 



2-methyl-l ,4-naphthoquinone 

1.1 

392* 

146 



1.6 

349* 

20 

H 

2-chloro-3-N-thiobutyl-l,4-naphthoquinoDC 

0.02 

456 

— 1 

mi 


0.2 

456 




0.3 

372 

■9 



0.6 

372 

■■ 

■■ 

2-methyl-3-thioethyl-l,4-napbthoquinone 

0.4 

466 

394 1 

86 


0.8 

456 


66 

2-hydroxy -3-cyclohcxanoI-l,4-naphthoquinonc 

0.4 

' 447 

358 

80 


0.7 

447 

255 

67 


Superscripts in table refer to the average of the number of experiments; 
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in order to obtain the same result. The third fact of interest is that small con- 
centrations produced generally a slight augmentation of glycol 3 >'sis. Although 
the response is small (10 to 20 per cent) it occurred in such a large number of 
experiments that it seems to be a usual event. 

Several experiments were made in rvhich cysteine M^as added to the reaction 
vessel after the sodium l,2-naphthoquinone-4-sulfonate inhibition had started. 
The results of one of these experiments are given in fig. 2. In this experiment, 
the final concentration of the naphthoquinone was 0.001 Molar, and the final con- 

TABLE 2 


Naphthoquinones which did not inhibit glycolysis 


COMPOUND 

MOLAR 

CONC. 

J X 

GLYCOLYSIS 

CU. MM. COl PER HOUR 

PER CENT 
OP 


Without 

With 

GLYCOLYSIS 

l-atnino-2-napbthol-4-sulfonic acid 

0.2 

298' 

302 

101 


0.3 

298' 

294 

99 


0.4 

298' 

287 

96 


0.5 

298' 

302 

101 

2-methyl-3-isothiopropyl-l, 4-naphthoquinone 

0.4 


476 

128 


0.7 


451 

121 

1 , 4-naphthoquinoyl-2-/5-thiopropionio acid 

0.2 

■I 

580 

126 


0.3 


543 

118 


0.5 

Bl 

540 

117 

Lapachol 

0.5 

330 

322 

98 

Lomatiol 

0.3 


525 

mm 


0.6 

■H 

450 

19 

2-methyl-naphthohydroquinone mono-succinate 

0.5 

364 

394 



1.0 

364 

360 

m 


Superscripts in table refer to the average of the number of experiments. 


centration of the cysteine was 0.0017 Molar. The cysteine hydrochloride was 
dissolved in a sodium hydroxide solution and added ten minutes after the 
naphthoquinone was placed in the enzyme solution. The experiment was 
started thirteen minutes later by tipping over the glycogen from the side tubes 
in the usual manner. It may be seen in the graph that glycolysis was inhibited 
completely by this naphthoquinone and restored partially by the addition of 
cysteine. 

Discussion. Fi’om this study of a number of naphthoquinones and related 
compounds, it was observed that some of these compounds have the ability to 
inhibit glycol^’-sis in enzyme solutions. Many questions can be raised from this 
finding: the site of inliibition, the type of inhibition and the application of these 
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results to the therapeutic use of the naphthoquinones. Work is proceeding in 
the laboratory on the site and 131)6 of inhibition and will be reported in a later 
communication. 



MINUTES 

Fig. 2. Effect of cysteine on inhibition of glycolysis produced by sodium 1.2-naphtho- 

3 uinone-4-8ulfonate. Abscissae: minutes; ordinates, cu. mm. of carbon dioxide liberated 
uring cb'colysis. Curve (O) glycolysis with cysteine; curve (X), normal glycolj’sjs; curve 
(A), glycolysis with cysteine and naphthoquinone; curv’c (V), glycolysis with naphtho- 
quinone. 


CONCLUSIONS 

1. Sodium, 1 ,2-napthoquinone-l-8ulfonate inhibits glycolysis in muscle enzyme 
solutions in concentrations of 0.6 X 10~’ Molar. This inhibition is reversed 
partially by the addition of cysteine. 

2. Other naphthoquinones, some of Avhich have vitamin K activity’, also 
possess the property of inhibiting glycoly'sis in muscle enzyme solutions. 
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Schoenbach and Greenspan^ in their recent review on stilbamidine (1), have 
pointed out that historically the introduction of the diamidinc compounds and 
the study of their chemotherapeutic properties was o direct outgrowth of a 
search for agents which would block the use of glucose by the trypanosomes. 
Following the discovery that decamcthylenediguanidino hydrochloride (Syn- 
thalin) was effective against certain trypanosomes, there was a search for less 
toxic substances. Out of this search came many guanidines, isothiourcas, 
amidines (2) and numerous aromatic dinmidines, among them being stilbamidine 
and pentamidine. It was soon shown, however, that doses of the diamidines 
which w’ere active against tiyp^^i*osomcs did not produce a fall in blood sugar of 
the host. Therefore, attention was devoted to the sugar metabolism and oxygen 
utilization of these organisms. Louric and Yorkc (3) have postulated that the 
diamidines block the aerobic glucose metabolism in the diamidinc-sensitive 
species. The diamidine*inscnsitive species, therefore, w'ould be capable of 
carrying on anaerobic glycolysis in the presence of the drug. 

There have been several reports of the effects of these compounds on enz>Tne 
systems. Blaschko and Diithie (4) reported an inhibitor}* action of various 
amidine derivatives on the amine oxidase activity of the rabbit’s liver. Bernheim 
(5) demonstrated an inhibition by propamidine of the oxidation of proline and 
alanine by E. coU. Tlie oxidation of glucose, pyruvate and succinate is not 
affected by this drug. Bernheim suggests that the inhibitory effect is not on the 
cytochrome system. Kopac (G) has stressed the possibility of dissociation of a 
protamine-nucleate complex with the release of denatured protamine and the 
formation of an insoluble stilbamidine nucleate as an explanation of the action of 
stilbamidine. Dickens (7) has demonstrated that guanidine carbonate increases 
the aerobic glycolysis of the rat brain cortex. This effect was absent or less 
marked in other tissues. A similar action was obtained w'ith decametliylenedi- 
guanidine (Synthalin). 

Some attention has also been given to the biological effects of the styryl and 

* A preliminary report of these experimedts was made before the American Society for 
Pharmacology and Experimental Therapeutics, Fed. Proc., 7: 221, 1948. 

* The author wishes to thank the American Cancer Society for their financial aid in this 
work. The author also wishes to thank Dr. M. T. Lcfifler, Abbott Research Laboratories; 
Dr. H. Blaschko, Oxford University; Dr. H.King, National Institute for Medical Research; 
Dr. L. Reiner, Wallace and Tiernan Products; Dr. R. C. Pogge, Merck and Co.; Dr. S. 
Ellingworth, Imperial Chemical Ltd.; Dr. L. Brooker, Eastman Kodak Co. ; and Dr. C. H. 
Browning.University of Glasgow for their gifts of many of the compounds used in this study. 
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cyanine dyes. These compounds have a conjugated system joining the two ring 
structures together, a structure comparable to that in the molecule of 
stilbamidine. The biological interest in these compounds dates from 1933 when 
Browning, Gulbransen, and Niven ( 8 ), demonstrated that 2(p-amino styr 5 ''l)- 6 -p' 
acetamido-benzamido-quinoline methoacetate (Styryl 430) produced sarcoma 
after a single injection of an aqueous solution. Many of the styrjd and the 
related cyanine dyes have antifilarial, anthelmintic and antimalarial activities. 
There have been several reports of the use of these substances on tissue metabo- 
lism and on enzyme systems. Dickens (9) in his study of quinolines on the 
Pasteur mechanism showed that “Styryl 430” increased respiration and the 
aerobic and anaerobic glycolysis of brain tissue. Welch et al. (10) demonstrated 
that (l-amyl-2,5-dimethyl-3-pyrrole) ( 1 , 6-dimethyl-2-quinoline) dimethinecy- 
anine chloride decreased the oxygen consumption of Litomosoides carinii, a filarial 
worm. They also noticed an increase in aerobic glycolysis but no effect on 
anaerobic glycolysis in these worms. Brooker and Sweet ( 11 ) tested this same 
compound on d-amino acid oxidase, the cytochrome system and various dehy- 
drogenases without finding any effect on these enzymes or enzyme systems. 

These facts led to the present study of the effects of diamidines and related 
compounds on anaerobic glycolysis of glycogen to lactate in muscle extracts. 
A''arious styryl and cyanine compounds were also tested in this work. This 
investigation is a continuation of a general study of compounds inhibiting glycoly- 
sis: alloxan (12), caffeine and theobromine derivatives (13), and naphthoquinones 
(14). 

The methods used in this study were similar to those used in the previous study 
nuth the naphthoqumones (14). 

Results. The results are given in tables 1 and 2 and in figures 1 to 3. Of 
the diamidines tested, Cn and Cis inhibited glycolysis while Cu did not slow this 
process in the concentrations used in these experiments (table 1). Guanidine, 
methylguanidine, arginine, Cs and Cis monoguanidines produced inhibition. Of 
these, the Cs compound showed marked activity. The diguanidines and diiso- 
thioureas also gave inhibition. Histidine gave no inhibition while azochloramide 
was an active inhibitor.} 

In fig. 1 are given the results with stilbamidine and pentamidine. It can be 
seen in the figure that a minimal concentration of stilbamidine of about 0.1 X 10"^ 
Molar is necessarj’’ for inhibition w'hile increasing the concentration above 
0.3 X 10“’ Molar did not reduce the activity of this enzjme preparation below 
si.xt 3 ' per cent. With pentamidine, the amount of the compound necessary to 
inhibit glycolj’^sis -was greater than with stilbamidine. Chlorguanide (fig. 2) 
gave a similar result to those obtained with stilbamidine and pentamidine, 
namely, a definite amount necessary’’ to induce inhibition and incomplete inhibi- 
tion even with andounts as high as 1.26 X 10“’ Molar. It is also of interest to 
note that in low concentrations there is a primarj’’ inhibition followed by a 
secondarjf stimulation which causes the curve of glycolysis with this drug to cross 
the normal cuiwe after 44 minutes (fig. 3). 

With one exception, the stjujd and the cyanine compounds (table 2) Avere 



TABLE 1 


EJfcct of diamidineSt mono- and diguanidines, diisothioureas 
and other compounds on glycolysis 


COMPOUNDS 

HKAL 

CONC. 

IXicr* 

CLYCOLYSIS 

CU. lOf. CO] PEB OOUB 

PEBCEKI 

OP 

NOBUAL 

CDYCOtYSlS 

W/tbout 

with ' 

Diamidines 





C, .-21101 

0.29 

394* 




0.5S 

394* 

451 

114 

C«-2HCI 

0.2S 

372* 


97 


0.66 

372* 

187 

50 

Cii-2HC1 

0.27 

372* 

320 



0.53 

372* 



MoDOguanidincs 





Guanidine BCl 

0.95 

516* 

185 




616* 

113 

22 


2.8G 

616* 

03 

18 


3.81 

616* 

86 

17 

Methylguanidinc sulfate 

■SiuH 

442 

456 

103 


0.37 

442 

181 

41 



423* 

459 

107 


0.37 

428* 

473 

111 



428* 


118 


0.75 

423' 

329 

77 

Arginine ECl 

0.43 


109 

26 


0.86 

420* 


17 



362* 

314 

S7 



362* 

KH 



0.11 

362* 

354 



0.15 

362* 

358 

09 


0.43 

433* 

148 

34 


0.22 

433* 

157 

36 

Cs-HCI 

0.29 

348* 

20 

67 


0.58 

348* 

5 

1 


0.29 

348* 

. 118 

34 


0.58 

348* 

125 

36 

Ci.-HCl 

0.31 

430 

373 

87 


0.62 


282 

60 

Diguanidines 





Diguanidine*HCl 

0.22* 

413* ' 

60 

15 


0.44* 

413* 

92 

22 

C..-2Ha 

0.26 

430 

256 

00 


0.51 

430 

187 

44 

Diisotbioureas 





Cio-HBr 

0.20 

369 

340 

92 

CirHBr 

0.40 

369 

17 

46 


■nlln 

369 

217 

69 



369 

127 

34 

Other Compounds 





l-Histidinc HCl 

0.43 





0.87 


418 


Azochloramlde 

0.50 

428* 

18 

4 


1.00 

428* 

42 

10 
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Fra. 2. Effects of chlorguanide on glycolysis. _ Abscissae, final Molar concentration, 
1 X 10”’; ordinates, per cent of normal glycolysis. 
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TABLE 2 


Effects oj slyryl and cyanine compounde on glycolysis 


coupounn 

nxAL 

UOLAX 

CONC 

ix:cr» 

cvto 
CO lot CC 

Without 

dLYSlS 

•i m socx 

With 

TZXCStn 

07 

NOUtAL 

CLYCOLYSIS 

2(p acetyl ammo styryl) 6 diraetfaylammo quino 

0 

24 

428 

432 

101 

line methochlonde 

0 

48 : 

428 

611 

no 


0 

24 

406» 


100 


0 

48 

406* 

415 

102 



72 

406* 

403 

99 


0 

65 

406* 

347 

85 

1 (amyl*2,5 dimethyl 3 pyrrole)(l,6 dimethyl 2 

0 

24 

422* 

255 

60 

qumolme)dimethiDecyanme chloride 

0 

48 

422* 

102 

24 

1' ethyl-3,6 dimethyl 2 phenyl-4 pyriraido 2'- 

0 

27 

422* 

256 

61 

cyanine chloride 

0 

41 

422* 

343 

81 


0 

24 

455* 

405 

89 


0 

48 

! 455* 

263 

59 

12,5 dimethyl 1 phenyl pyrrole (3)K(1 methyl 

0 

28 

455* 

421 


pyndine (4)ldimethmecyamne chloride 

0 

56 

455* 

253 


1,1' dimethyl 2,2'-carbocyamne chloride 

0 

25 

374* 

378 



! 0 


374* 

269 


4 p diethyl ammo styryl pjndine methochlonde 

' 0 

30 

374* 

405 



0 

60 

374* 

265 



Superscript 2 refers to the average of 2 experiments 
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inhibitors to the glycolytic reaction. The inhibitory activity became apparent 
in concentrations around 0.5 X 10“’ Molar. An attempt was made to use 
“Styryl 430” in these experiments. When this compound was added to the 
muscle extract a precipitate formed and the experiments were discontinued. 

Discussion. The results demonstrated that certain diamidines, mono- and 
diguanidines, diisothioureas, styryl and cyanine compounds have the power of 
inhibiting glycolysis. It is of interest to note that with the majority of these 
compounds the inhibitory action increased to about fifty per cent of the normal 
value and then remained constant with increasing concentrations. This fact 
indicates that the reaction is of a specific nature and not a general denaturation of 
the proteins in the enzyme systems. Additional work is now being carried out 
on purified enzyme systems in order to determine the site of the inhibitory action 
in the glycolytic system. 


CONCLUSIONS 

1. Certain diamidines, monoguanidines, diguanidines and diisothioureas are 
inhibitors of anaerobic glycolysis in enzyme solutions. Stilbamidine and 
chlorguanide have this power to a marked degree. 

2. Certain styryl and cyanine dyes also inhibit anaerobic glycolysis. 
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During the course of a comprehensive study of the toxicity of various uranium 
compounds in this laboratory, it was necessary to develop sensitive diagnostic 
tests of poisoning. Uranium is a potent nephrotoxic agent which acts on the 
proximal convoluted tubules, and the tests of poisoning which have been used, 
such as renal function tests, azotemia, albuminuria, catalasuria and phos- 
phatasuria, are all indicative of a disturbed renal function (1). Some of these 
teats, such as albuminuria and catalasuria are very sensitive and give a positive 
response following very slight injury; others such as renal function tests and 
azotemia are indicative of more severe damage. None are speciSc for uranium 
poisoning. The azotemia and albuminuria can be determined by relatively 
simple chemical means, but the renal function tests require special techniques. 
Catalasuria is detected by a manomctric technique and is subject to errors due 
to contamination unless special care is taken. Because none of these tests was 
wholly satisfactory by itself, an additional index was desirable which might be 
useful either by itself or when used in combination •with the others. 

One of the disturbances associated with uranium poisoning is a marked amino- 
aciduria (2). Amino acid nitrogen is assiduously conserved by tubular resorp- 
tion (3), so that only about 2 per cent of that in the glomerular filtrate is normally 
excreted. A small loss in resorptivc power of the proximal tubules should there- 
fore lead to a marked increase in the excretion of amino acids and accordingly 
amino-aciduria might be a sensitive test of uranium poisoning. Of course, other 
factors such as food intake and exercise, which also lead to amino-aciduria, must 
be controlled if amino-aciduria is to be a valid criterion of poisoning. The pres- 
ence of certain liver or renal lesions and certain metabolic diseases (cystinuria) 
can also lead to a marked amino-aciduria (4). 

The amino acid nitrogen (AAN) concentration of urine can be determined by 
a simple chemical determination. However, it is the rate of excretion rather than 
the concentration of AAN which is affected by a tubular poison such as uranium, 
and the rate of excretion of AAN can be determined only by a simultaneous 
determination of AAN concentration and of the rate of urine flow. In most 
studies of excretion rates, a 24-hour urine sample is collected, and the 24-hour 

* This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project, Rochester, 
New York. 
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excretion calculated. Shorter periods than 24 hours are often used and would he 
necessary in this case to avoid post-absorptive urine ^Yhich is high in amino acid 
nitrogen. It is also possible to maintain a constant urinary flow by rigidly con- 
trolling the water intake. In any case, the measurement of excretion rates is 
difficult and arduous even in man, where cooperation of the subject can be ob- 
tained. In animals, it is more difficult, because of spillage of drinking water, 
fecal contamination and deterioration and evaporation of cage-collected urines. 

In the present paper, a technique is described by which an adequate measure 
of the rate of AAN e.xeretion can be obtained from random "spot” samples of 
urine in normal men and in normal, and uranium-poisoned rabbits, avoiding the 
complication of measuring the rate of rvater excretion. This end is achieved by 
using the urinary creatinine concentration as a reference point, and measuring 
the ratio of AAN to creatinine (AAN/C ratio). Endogenous creatinine excretion 
is a fairly good measure of glomerular filtration, and uranium, except in lethal 
doses, has little effect on creatinine excretion as measured by clearance tech- 
niques (5). On this basis, the AAN/C ratio in “spot” samples of urine should 
be a good measure of AAN excretion rates in both normal and uranium-poisoned 
animals. 

Methods. For the human experiments, 5 male laboratory personnel acted as subjects. 
None had anj' previous history of renal or hepatic diseases or malfunctions. Overnight 
urine samples were taken when the men arrived at work, and thereafter, at appro.ximately 
hourly intervals the bladder was emptied. Records were kept of urinary volumes, amino 
acid nitrogen and creatinine concentrations. On some days each subject was on a restricted 
water intake, an ad libitum water intake, or a high water intake, so that there was a marked 
variation in the rate of urine flow. No breakfast was allowed and exercise was restricted to 
desk work, to avoid amino-aciduria resulting from meals and e.xerc)se. At noon the experi- 
ments were terminated because it was found that for several hours after the noon meal, the 
AAN/C ratio wms markedly elevated. 

In the animal experiments, young (3 to 6 months old) albino rabbits were used. They 
were fed a diet of Purina Rabbit Chow with water given ad libitum. In the few cases where 
diarrhea developed, oats were added to the diet until recovery was certain. For 24-hour 
urine collections, the rabbits were kept in regulation metabolism cages fitted with a glass- 
wool filter at both ends of the urine spout leading into a urine collection bottle containing 
toluene. The cages were painted with a plastic paint (Ucilon) , preventing deterioration of 
urine which occurs in galvanized metabolism cages. In most of the experiments, spot sam- 
ples of urine w'ore collected by massage in order to avoid any possibility of contamination 
or deterioration. Blood samples were obtained for AAN determinations by nicking the 
marginal ear vein and collecting the blood in oxalated bottles. The marginal ear veins 
were also used for all injections of uranyl nitrate. The compound w'as made up in 0,85% 
saline in the desired concentration and a total volume of about 3 co. was injected. 

The chemical methods used included: 

Urinary creatinine — ^Picric acid method of Folin (6), 

Urinary AAN — Method of Albanese and Irby (7), 

Plasma AAN — Method of Hoffman (8). 

Results. In man with rates of urinary flow ranging from 16 to 250 cc./hour, 
the AAN concentration ranged from 2.5 to 78 mgm. per cent with a relationship 
which approximates a hyperbola (figure 1). The values of creatinine concentra- 
tion for the same experiment ranged from 15 to 205 mgm. per cent with a similar 
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hjTjerbolic relationship to the rate of urine flow (figure 2). Because the curves 
for creatinine and AAN are almost parallel, a high correlation must exist between 
the two variables. In figure 3, in which the AAN and creatinine concentrations 
for each urine sample are plotted against each other, the correlation is quite 
apparent. The statistically calculated coefficient is 0.90 with a standard devia- 
tion of 0.11, indicating that the result is highly significant. The coefficient of 
determination is 0.81 (correlation squared) indicating that 81 per cent of the 
variance in AAN concentration is associated with variance in creatinine con- 
centration and only 19 per cent of the variance is random. 



RATE OF URINARY FLOW IN ML./HOUR 

Tia. 1. The effect of the rate of flow of urine on the urinary amino acid nitrogen concen- 
tration in male laboratory personnel. 

If the ratio of the concentration of AAN and creatinine is taken for each sample 
of urine (AAN/C ratio), then that fraction of the variance which is common to 
both should be eliminated. In other 'words, the AAN/C ratio should show 
considerably less variance than does either the AAN or creatinine concentration. 
A rough measure of the variance is given by the range of values from lowest to 
highest. The AAN and creatinine values vary over a 30 and 15 fold range 
(figures 1 and 2), whereas the AAN/C values vary over only a 4^ fold range 
(figure 4). A better measure of the marked reduction in variance in the ratio 
is the coefficient of variation (standard deviation divided by mean, times 100). 
This coefficient is 52.5 and 43.8 for AAN and creatinine respectively, but only 
24.5 for the ratio. 

The marked reduction in the variance of the ratio results largely from the 
elimination of variations due to clianges in the rate of urinary flow. Although 
both the AAN and creatinine concentrations are markedly dependent on this 
factor (figures 1 and 2), the ratio is not nearly so dependent (figure 4). The rates 



182 


ASER ROTHSTEtS AND HARRY BEEKB 



RATE OF URINARY FLOW IN ML./ HOUR 

Fig, 2. The effect of the rate of flow of urine on the urinary creatinine concentration in 
male laboratory personnel. 



Fig. 3. The relationship between AAN and creatinine concentrations in urine of male 
laboratory personnel. 
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of excretion of AAN and creatinine are also independent of the rate of urinary 
flow (figure 5). The AAN/C ratio should be an excellent measure of the rate of 
AAN excretion but it has of course the distinct advantage that it can be deter- 
mined on a "spot” sample of urine, and eliminates the necessity of a 24-hour 
specimen. 

In rabbits, the ratio also showed less variance than did either the AAN or 
creatinine concentrations. Control data were obtained on 8 rabbits over a 
2-week period from daily collections of urine by bladder massage. As in humans 
there was a significant although lower correlation between the AAN and creati- 
nine concentrations from the same urine sample. This tendency for the two 
constituents to fluctuate in the same direction is shown graphically in figure 6. 



Fia. 4. The elTect of the rate of flow of urine on the AAN/C ratio in male laboratory 
personnel. 

The correlation coefficient for the two variables was 0.77, which is highly signifi- 
cant (standard deviation, 0.11). The coefficient of variation was GO and 58 for 
AAN and creatinine concentrations, but only 4G for the ratio, a marked reduction. 
In rabbits, however, the ratio was much more variable than in humans, where 
the coefficient of variation was only 24.5. The larger variance in rabbits is 
probably related to the fact that the food intake was ad libitum for the rabbit 
but was rigidly controlled in the case of the humans. The post-absorptive state 
is known to be associated with higher rates of AAN excretion (4), while the rate 
of creatinine remains constant. ^ 

It seems most probable that in the rabbit, as in the human, the high AAN to 
creatinine correlation rests on the fact that much of the variation in concentration 
of those constituents is normally induced by changes in the urinaiy flow, and 
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Fig. 5. The effect of the rate of flow of urine on the rate of excretion of AAN and cre- 
atinine by maie laboratory personnel. 



Fig. 6. The relationship between urinary amino acid nitrogen and creatinine concentra- 
tions in normal rabbits. 
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that the ratio is independent of the rate of urinaiy flow. The ratio eliminates 
about 59 per cent of the variance as indicated by a coefficient of determination 
of 0.59 (correlation squared). 

Amino-Aciduria Following U-Poisoning, It has been shown that U-poisoning 
is accompanied by an amino-aciduria (2). This was confirmed by a preliminarj' 
experiment with 10 rabbits shown in figure 7. Individual values and the mean 
values of AAN concentration in the urine are plotted for 10 control days and for 
5 days following the intraperitoneal injection of 0.3 mgm. o('U02(N0s)2-GB20 per 
kgm. of body weight. Although both the control and post-injeetion data show 
considerable variation, the mean values were definitely elevated as a consequence 



of the 'U-injection. 'When the same data were plotted as AAN/C ratios, there 
was a marked reduction in the scatterand a much more strildng increase following 
the U-injection. This can be illustrated numerically in the following manner. 
In the case of the AAN concentration, 14 of a total of 50 determinations made 
during the post-injection period were higher than the highest value found during 
the control period. However, for the AAN/C ratio, 31 of 50 post-injection 
determinations exceeded the highest control value, more than tnice as many. 
On the basis of the data presented in figure 7, it can be stated that the AAN/C 
ratio is a more sensitive test for uranium poisoning than is the AAN 
concentration. 

The amino-aciduria associated with U-poisoning seemed to be renal in origin 
because there was no change in the concentration of AAN in the blood following 
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administration of TJ, even though the urinary concentration became abnormally 
high. Table 1 indicates that rabbits injected intravenously with doses of TJ, 
as U02(N 03)2 • OHjO varying from 0.06 to 0.3 mgm./kgm. of body weight showed a ' 
2 to 3-fold increase in the mean urinary amino acid nitrogen concentration, a 5 
to 7-fold increase in the AAN/creatinine ratio, but no change in the blood amino 
acid nitrogen level. During the course of severe and even lethal uranium poison- 
ing in other rabbits, there were no changes in the blood amino acid nitrogen. 
Contributory evidence indicating that the amino-aciduria is renal in origin was 
found in preliminary experiments on the tolerance of XJ-poisoned animals to 
intravenously injected amino acids. No major alterations were observed in the 
tolerance curves of glutamic acid and alanine in poisoned rabbits, which seem- 

TABLE 1 


The mean amino acid nitrogen levels in urine and blood of rahhiis before and after intravenous 
injections of toxic doses of UO}{NOi)y6HiO 


PAY 

NOTIBEB or ASmtKtS 


BtOOO AAN CONC* 

AAN Cone. 

i 

Ratio of AAN to 
CreatiniBc 





mtm.% 

-14 

8 

35.6 

— 

5.6 

-10 

8 

17.7 

0.20 

6.4 

-3 

8 

! 25.4 

1 0.29 

6.6 

0 


Uranium Injected 


4-3 

8 

, 68.4 i 

1.65 

5.8 


ingly could handle amino acids in the blood in a normal manner. By contrast, 
in the amino aciduria due to extensive liver damage, there is failure of the mecha- 
nisms of AAN utilization which leads to an elevated blood level of AAN and 
consequently to an amino-aciduria (4). 

SUiaURY AND CONCLUSIONS 

1. The concentration of AAN in "spot” samples of urine of normal rabbits 
and humans varied considerably although the rate of excretion of AAN was 
relatively constant. Most of the variation in the AAN concentration resulted 
from variations in the rate of flow of urine, and this could be largely eliminated 
by using the ratio of AAN to creatinine. The AAN/C ratio was as constant as 
was the rate of excretion of AAN, but required only a “spot” sample of urine 
rather than a 24-hour sample. 

2. The AAN/C ratio was a far better test of uranium poisoning in rabbits than 
was the AAN concentration. 

3. The amino-aciduria resulting from uranium poisoning seems to be renal 
in origin. 
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Hutchens et al. (1) studied the action of tm-(beta-chIoroethyl)-amine hydro- 
chloride on Chilomonas parameciim and obsei-ved that cell division was. inhibited 
before oxygen consumption was depressed. Evidence for the inhibition by 
methyl-l)ts-(beta-chloroethyl)-amine hydrochloride (MBA) of desoxyribonucleic 
acid synthesis in amphibian embryos was obtained by Bodenstein and Kond- 
ritzer (2). Barron ei al. (3) reported that both compounds block reactions 
leading to synthesis. It was of interest therefore to study the action of a ni- 
trogen mustard- on relatively simple synthetic reactions which have been shoivn 
to proceed in rat liver slices. Those studied were the conjugation of morphine 
and glucuronic acid (4), of phenol and sulfuric acid (5), of p-aminobenzoic acid 
(PAB) and glycine (6), and urea synthesis. The results show that MBA in- 
hibits most of these reactions, but to different degrees which indicates that 
separate mechanisms may be involved for each. 

Methods. Rat liver was sliced in the usual way and placed in Krebs-Ringer solution (7) 
saturated with a 95 per cent Oa-S per cent COi mixture, and the reaction was carried out 
in this atmosphere with the slices suspended in 4 cc. of fluid in 50 cc. Erlenmej'er flasks. 
Final concentration of MBA varied from 6 X 10~® 4/ to 5 X lO"’ M. It was dissolved in 
Kreb’s solution and immediately added to the slices. 

Conjugation of morphine: The method followed was essentially that used by Bernheim 
and Bernheim (4). After precipitation of the proteins with 1 cc. 20 per cent trichloracetic 
acid, 2 cc. distilled water were added, and the proteins centrifuged. A 1 cc. aliquot was 
diluted with 9 cc. distilled water. The amount of free morphine remaining was determined 
colorimetrically according to the method of Snell and Snell (8). A second 1 oo. aliquot 
was autoclaved 30 minutes at 20 pounds in the presence of 0.1 cc. concentrated HCl. The 
acid was neutralized with concentrated NaOH, the volume brought to 10 cc. with distilled 
water, and the amount of morphine, representing both the free and conjugated, was deter- 
mined. 

Conjugation of phenol : The procedure reported by Bernheim and Bernheim (5) was em- 
ployed here. Proteins were precipitated with 1 cc. 20 per cent trichloracetic acid. Five 
cc. distilled water were added, and the fluid decanted and centrifuged. A 1 cc. aliquot was 
added to 8.8 cc. distilled water and 0.2 cc. saturated NaCl solution. The amount of free 
phenol remaining was determined colorimetrically according to the method of Theiss and 
Benedict (9). A second 1 cc. aliquot rvas hydrolyzed 10 minutes in a boiling water bath 
with 0.1 cc. concentrated HCl. The acid was neutralized with concentrated NaOH, and 
the volume brought to 10 cc. with distilled water, and the amount of phenol, both free and 
conjugated, was determined. 

Conjugation of p-aminobenzoic acid and glycine: The procedure used was that reported 

' This work was aided by a grant from the Duke University Research Council. 

- The nitrogen mustard was supplied through the courtesy of the Army Chemical Center, 
Maryland. 
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by Cohen and McGiIvcrj (6) except that for the extraction of PAB from p aminohippunc 
acid (PAH) the solutions w ere shaken m a Kahn shaker (2S0 oscillations per minute) The 
color was estimated bj the method of Bratton and Marshall (10) The amount of PAH 
synthesized uas calculated according to (6) 

TJrcn synthesis Urea nitrogen uas estimated colonmetncallj according to the method 
of Barker (11) 

Kesults Under the conditions of these experiments MBA inhibits most 
of the reactions studied Both the conjugation of morphine and of phenol tv ere 
inhibited to about the same extent ns seen in table 1 If the concentration of 
^IBA IS raised to a sufficient Ic\cl the morphine conjugation is completely in- 
hibited The sjnthcsis of PAU fiom PAB and glycine, however, was less 
affected and even in the presence of a high concentration of AIBA the inhibition 
was not complete Still a different pictuie was presented in the case of urea 
synthesis There the degree of inhibition seemed to be related to the source 
of nitrogen Table 2 shows that urea sjmthesis fiom (NH 4 )"S 04 is not in- 

TABLE 1 

The effect of lartous concentrations of MBA on the conjugation of 
morphine, of phenol, and of PAB bp rat liter slices 

Data represent the averages of all experiments Figures in parentheses show total 
number of indivadual ex-perimcnts 


ADDinON 

j UldlOCU COfltCATZI) UCU USKTZ (WET WEIGHT) 

1 nt^ Morpbloe 

0 t msm PbeDcI 

1 m^n TAB 

Control 

2 03 (32) 

0 265 (16) 

5 42 (21) 

6 X 10-*K MBA 

1 4 (4) 

— 

— 

5 X ICrW MBA 

0 92 (27) 

0 128 (14) 

4 4 (16) 

6 X irM/ MBA 

0 095 (6) 

— , 

1 97 (7) 


hibited but when glutamine is used ns the nitrogen source inhibition occurs 
In both cases, however, the increased urea production obtained by the addition 
of omithmc was completely inhibited by MBA The significance of this is 
not clear 

It was of interest to determine what substances might increase the amount 
of conjugation, and m turn possiblj protect the reactions against the inhibition 
by MBA The conjugation of moiphme was studied in most detail Since 
it IS probable that glucuronic acid combines with morphine, it was assumed 
that its addition to the reaction might increase the amount of morphine con- 
jugated and/or protect against the inhibition bj MBA The results of these 
experiments with glucuronic acid, pjruvate, lactate, and proteins are showm 
in table 3 These compounds might have mciea'^ed the amount of morphine 
conjugated bj serving either as a source of energy (ATP) or as precursors for 
the glucuronic acid with which morphine combines (lactate and pjruvate) 
Choline chloride is loiown to antagonize some of the effects of !MBA (3) and 
thus it might have protected the reaction DesoxjTibonucleic acid was studied 
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as a possible protective agent for the conjugation on the assumption that lilBA 
might combine with it preferentially. In no instance did any of these sub- 
stances increase the amount of morphine conjugated, and some actually inhibited 
the reaction. Only protein, whether rat serum, crystalline serum albumin, 
or casein, protected the reaction against MBA. This might be expected be- 
cause of the high reactivity of the ethjdenimmoniura ion with proteins (12). 

It was of importance to know if respiration of the slices and conjugation of 
morphine by the same slices would show a similar degree of sensitivity to any 
one concentration of 'MBA. Oxygen consumption was measured for 150 min- 

TABLE 2 

The effect oj 5 X 10~*M MBA on nrea synthesh by rat liver slices, 
in relation to the nitrogen source 

Data represent averages of all experiments. Figures in parentheses indicate total 
number of individual experiments. 


1 

ADDITIOI? ! 

j 

uxwoGis. vntA sv5rrn£sxt£D ’pz'a iscis. 
Tissvz (ix^ET tvEicnr) 

1 4msm. (NHOtSOi 

S rogm. Glutamine 

Control j 

1.03 (10) 

1.07 (11) 

2.27 (10) 

1.04 (11) 

1.36 (10) 

1.02 (10) 

I 2.13 (9) 

1 0.93 (9) 

5 X aiBA j 

2 mgm. dl~oTtiithiae 

MBA plus ovuithiue 1 



utes of the three-hour incubation period. The 21 parts of 1.3 per cent NaHCOj 
were replaced in the ICreb’s-Ringer solution by 1.78 per cent NajHP0<:2H20. 
Table 4 shows the averages of two such experiments, each being carried out 
in duplicate. Values for duplicates checked within ten per cent. It does 
not seem that respiration is markedly depressed by 5 X l0“^ilf hlBA. In fact 
the greatest differences are seen at the ISO-minute interval, and even at that 
point the slices in the presence of hIBA show 90.6 per cent of the OJ^gen con- 
sumption of the tissue blank vessels, and 86.3 per cent of that of the slices in 
the presence of 1 mgm. of morphine. Considering that in these experiments 
only 47.6 per cent as much morphine was conjugated in the presence of MBA as 
in the control, it appears that the conjugation is more sensitive to hCBA than 
is the respiration. These results agree with those of Hutchens el al. (1). 

DrsctrssroN. It seems evident that MBA has little effect on the overall 
respiration of cells in which it markedly inhibits conjugation reactions. This 
fact and the inabilitS” of ATP to overcome MBA inhibition indicates that the 
energ 3 ''-yielding systems are not affected and that the drug must act either by 
preventing the coupling of energy-yielding -with energy-utilizing reactions, 
or by inhibiting the specific enzymes involved. The fact that the conjugation 
of morphine and phenol are inhibited by much lower concentrations of MBA 
than is the conjugation of p-aminobenzoic acid with glycine suggests that spe- 
cific enzjTnes are inhibited. The short life of IMBA in solution and its ability 
to combine with protein is consistent with this. In the case of phenol which 
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combines with sulfuric acid the actual enzyme which catalyzes the conjugation 
must ,be inhibited. With morphine which combines with glucuronic acid it 

TABLE 3 

The effect of the addition of various substances on the conjugation of morphine by 
rat liver slices in the presence and absence of MBA 


Data represent averages of all experiments. Figures in parentheses sliow^ the total 
number of individual experiments. 


ADDITION 

UICROCU. UOSPBINE CONJUGATED PEK UCU. 
TISSUE (nXTWEIOirt) 

Without ilBA SXHr**jrjIBA 

Control 

2^03 (32) 



5 X lO-W MBA 

— 

0.92 (27) 

1 nigm. glucuronic acid 

1.4 (13) 

0.98 (7) 

2 mgm. glucuronic acid 

1.3 (8) 

0.85 (4) 

3 mgm. glucuronic acid 

1.1 (4) 

0.21 (4) 

2 mgm. ATP at start 

1.0 (4) 

0.1 (4) 

2 mgm. ATP after 2 hours 

1.C6 (4) 

0.73 (5) 

8 mgm. ATP at start 

0.63 (6) 

trace (8) 

8 mgm. ATP after 2 hours 

1.2B (6) 

0.C6 (8) 

16 mgm. choline chloride 

l.CO (4) 

1.36 (4) 

2 mgm. desoxyribonucleic acid 

1.43 (3) 

0.90 (3) 

30 mgm. desoxyribonucleic acid 

0.6C (4) 

0.15 (4) 

1 mgm. Na lactate 

1.60 (6) 

0.S6 (5) 

1 mgm. Na pyruvate 

1.76 (0) 

0.63 (6) 

6.6 mgm. serum protein 

1.60 (6) 

1.72 (7) 

6.5 mgm. veal infusion medium 

-- 

1.46 (6) 

6.6 mgm. proteose peptone #3 

— 

1.53 (6) 

6.5 mgm. crystalline serum albumin 

1.92 (3) 

1.69 (4) 

6.6 mgm. purified casein 

2.0 (3) 

1.70 (4) 


TABLE 4 

A comparison of the sensitivity of the conjugation of morphine and respiration 
of rat liver slices fa 5 X 10'*M MBA 

Data represent averages of two experiments, each being carried out in duplicate. Values 
for duplicates checked within ten per cent. 



TOTAL Ot Consumed in cu.uu. at tiue 

nTTEKVAES PE» MGU. TISSUE (WET WEIGHT) 

UICEOCU. 

UOEPBIKE 


miautes 

CONJUGATED 
FEB UCU. TISSUE 


i 

60 

90 

120 

150 


Tissue blank 

0.29 

0.66 

0.66 

1.29 

1.59 



1 mgm. morphine 

1 0.32 

0.69 

1.03 

1.36 

1.67 

1.85 

morphine plus 5 X MBA 

1 0.31 

0.64 

0.94 

1.21 

1.44 

0.88 


is possible that the formation of the latter is interfered with. However, addition 
of glucuronic acid, or pyruvic and lactic acids, which may be its precursors, 
does not overcome the MBA inhibition which indicates that the drug has in- 
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hibited the enzyme responsible for the conjugation. Finally, desoxyribonucleic 
acid does not protect the cell against the action of MBA -which suggests that 
the drug does not react directly with the nucleic acid part of proteins. 

SUMMARY 

1. Inhibition of the conjugation of morphine and glucuronic acid, of phenol 
and sulfuric acid, and of p-aminobenzoic acid and glycine, and of urea synthesis 
by methyl-fcts-(beta-chloroethyl)-amine HCl (MBA) is described. 

2. Variations of the sensitivities of these reactions to the same concentration 
of MBA were found. 

3. None of the compounds tested increased the amount of morphine con- 
jugated, nor did any with the exception of protein overcome the MBA inhibition. 
Protein in the reaction mixture offered partial protection. 

4. MBA inhibits the conjugation of morphine in concentrations which have 
little effect on respiration. 
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In the literature two types of investigations have been reported on the mech- 
anism of action of the barbiturates as related to oxj'gen uptake, namely, an- 
esthetic doses in vivo, and relatively high concentrations in vitro. In certain 
in vivo experiments, for example, it has been sho\vn that the oxygen uptake 
of the monkey brain (1) and of dog brain (2) under light anesthesia is greater 
than the comparable oxygen uptake under deep anesthesia. It is quite possible, 
however, that the differences between those values and a true normal value 
(no anesthesia) may have been of very much less magnitude. Using brain 
slices other workers (3-5), have showm a depression of the Qo, by barbiturates. 
Furman and Field (5) working with graded concentrations of barbiturates, 
showed a quantitative relationship between the concentration of some of the 
barbiturates necessary to produce a 50 per cent depression of the Qo, in rat 
brain slices and a concentration sufficient for deep anesthesia in tlie rat. This 
comparison is based on the assumption that the rat brain tissue contains four 
times as much barbiturate as the other soft tissues of the rat during barbiturate 
anesthesia, as shov-m by the work of Tatum, Nelson and Kozelka (6) . However, 
as practically all of the barbiturates (with the exception of the thiobarbiturates) 
are used almost exclusively as sedatives or hypnotics, it seemed that more 
detailed studies of the action of very much lower concentrations of barbiturates, 
which presumably would produce less depression, on the oxygen consumption 
of brain slices might yield valuable information on the possible mechanism 
of action of this group of drugs. A recent comparison of the depression of the 
oxygen uptake of tissue slices of cerebral cortex with that of the thalamus (rats) 
in the presence of relatively low concentrations of pentobarbital sodium, re- 
vealed that the responses often were quite variable, if the slices were subjected 
to concentrations of pentobarbital near the minimum necessary to produce a 
depression of the Qo, (7). 

Accordingly, experiments were planned to study the effects of certain low 
concentrations of phenobarbital sodium on the Qo, of rat brain slices. 

Method. The direct method of Warburg (Umbreit, Burris and Stauffer, 8) was used in 
which the Qo, of rat cerebral cortex slices respiting in Krebs-Ringer-phosphate solution 
carri'ing 100 mgm. per 100 cc. glucose was measured at 37®C. Specifically, the rat was de- 
capitated, the brain removed, and placed (not to exceed two minutes after decapitation) 
in a small, moist, covered glass container submerged in finely chopped ice, where the tissue 
chilled for about three minutes. Then, the brain was removed from the container, placed 
on an ice cold glass surface, and sufficient slices (thickness, approximately 0.4 mm.) were 
cut quickly, using a template method, to total about 25 mgm. of tissue. The brain was 
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replaced immediately in the cold chamber, and the cut slices which were placed (as cut) 
on the dry surface of an inverted small glass weigh-bottle top were weighed in the weigh- 
bottle. After the few seconds required for the slicing and weighing, the slices were trans- 
ferred quickly to the medium in the flask which had been resting in finely chopped ice. 
Each flask contained exactly 2.0 cc. of Krebs-Einger-phosphate-glucose solution (pH 7.2, 
glass electrode). The center well contained 0.2 cc. of 10 per cent KOH, with filter paper 
wick to increase the efficiency of the CO* absorption. The flasks were gassed with o.tygen 
and allowed to equilibrate 15 minutes (shaking rate 115 per minute) before the first reading 
was taken. An aliquot sample was weighed, dried at lOS^C. and weighed again to determine 
the wet/dry weight ratio. This procedure w'as repeated for each flask of the series. Not 
more than five flasks were supplied with tissue from one brain. 

To check the methods, solutions, slicing technique, etc., the Qq, values of 20 individual 
rat cortices were determined during the first 30 minutes and compared with the values ob- 
tained during the succeeding 30 minutes. 

The effects of graded concentrations of phenobarbital sodium on the Qq, of a second 
group of rat cortices were determined by using tissue in one flask as a control respiring in 
the Krebs-Ringer-phosphate-glucose solution, and another flask of tissue (from the same 
cortex) respiring in the same solution plus the phenobarbital. This method is valid, for 
Read (7) and the writer have observed that the QOj is steady for more than one hour under 
the conditions outlined above while the slices are under the influence of a barbiturate. 
Concentrations of 1, 5, 10, 20, 30, 40 and 50 mgm. per 100 cc. phenobarbital sodium were 
tested in this part of the study reported here. The cortices of ten rats were used for each 
of the 20, 30, 40 and 50 mgm. per cent concentrations, and 20 animals were used for each of 
the 1, 5 and 10 mgm. per cent concentrations. 

As the 1 mgm. per cent concentration seemed to increase the rate of oxygen consump- 
tion rather than depress it, a third group of rats was used in a slightly different experi- 
ment. In this series, the Qot values were determined for the first 30-minute period in 
Krebs-Ringer-phosphate-glucose solution alone. Then 0.2 cc. of the latter solution car- 
rying the proper amount of phenobarbital sodium was tipped in from the side arm of the 
Warburg flask and the Qo, measured during the next 30 minutes. Graded concentrations 
of the barbiturate (0.1, 0.2, 0.3, 0.5, 1.0 and 5.0 mgm. per cent) were studied by means of 
this "tip-in” technique. Samples from ten different rat cortices were used in each of the 
concentrations of 1 and 5 mgm. per cent and 20 to 30 cortices were represented at each of 
the lower concentrations (0.1, 0.2, 0.3, and 0.5 mgm. per cent). 

Results. 1. Control experiments. Comparison of the average (20 dif- 
ferent rat cortices) Qo- value (11.7) during the first 30 minutes with the Qoj 
value (11.6) during the succeeding 30 minute period reveals practically identical 
respiratory rates (fig. 1). The straight line graph indicates that the first 30 
minutes can be used as a control period for the study of the effects of pheno- 
barbital tipped in (at the end of the 30 minutes), in the second group of ex- 
periments. 

2. Experiments with phenobarbital sodium. The results are presented 
in a scatter diagram wdth the arithmetic mean values (fig. 2) graphed as per 
cent of the control Qo* (considering Qo* during the 30-minute control period 
as 100 per cent) against concentration (in mgm, per cent) of the phenobarbital 
on a logarithmetric scale. 

The effects of the concentrations of 20-50 mgm. per cent inclusive (pH of 
the strongest concentration used did not exceed 7.3) followed the same pattern 
of depression of the Qo* as has been reported in the existing literature (4, 5). 
However, 10 mgm. per cent caused an increase in the oxygen consumption in 
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four cases out of twenty, with no change in one case, and a decrease in fifteen 
cases. Five mgm. per cent inhibited the rate of oxygen consumption in prac- 
tically half of the experiments but increased it in about half of the cases. The 
ten additional experiments in which the 5 mgm. per cent of phenobarbital 
sodium was tipped in after 30 minutes, yielded similar results. Adding these 
latter to those in the preceding experiment revealed an average of less than 
one per cent change from the control values on a basis of the 30 cases. Twenty- 
two of 30 cortices showed an increase in oxygen consumption in the presence 



MINUTES 

Fig. 1. Mean Oxygen Consumption Rates of Ceiiebral Cortex Slices from 
Twenty Rats 


of one mgm. per cent and eight, a reduced consumption, resulting in a mean 
Qo, increase of four per cent. Twenty cases subjected to each of the con- 
centrations of 0.2, 0.3 and 0.5 mgm. per cent out of the twenty tested at each 
of those three concentrations (all tip-in (Experiments) produced an increase in 
the rate of oxygen uptake, with mean values of 8, 12 and 8 per cent increase, 
respectively. The mean value based on 30 cases at 0.1 mgm. per cent of the 
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phenobarbital sodium (all tip-in experiments) was less than one per cent from 
that of those same tissues during the first 30-minute control period. • 
Discussion. One clear cut finding is observed from the data, that is, low 
concentrations of phenobarbital sodium (0.2, 0.3 and 0.5 mgm. per cent) def- 
initely increased the oxygen uptake of brain slices in all 60 experiments (20 
at each point). This is not too surprising in view of the well lmo\\Ti stimulation 



Fig. 2. Effects of Phenobabbital Sodium on Oxygen Consumption of Slices 
FROM THE Cerebral Cortex of the Rat 

of intact animals by small doses of anesthetics. Furthermore, it has been re- 
ported recently by Bodine and Fitzgerald (9) that low concentrations of urethane 
produce a marked increase in the oxygen consumption of grasshopper embryos 
(M. differentialis), while high concentrations reduce the oxygen consumption. 

This increase in oxygen consumption by brain slices (induced by barbiturates) 
is very interesting, because the amount of the phenobarbital sodium given in 
one dose as a sedative or hypnotic (U.S.P. XIII, dose 30 mgm.) to an average 
man is so small that, if the drug were distributed equally throughout the soft 
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tissues, the concentration would be extremely low in the cortex. Even if 100 
mgm. should be given, as is done frequently in therapeutics, and if the brain 
contained four times as much as other tissues (as reported by Tatum, Nelson 
and ICozelka for rabbits, 6) the dilution by the soft tissues would still be so 
great that one could hardly expect a depression of the Qoj on a basis of the 
in vitro studies. 

Therefore, these data do not indicate any relationship between the depression 
of the Qoj in brain slices and mechanism of action of phcnobarbital as a sedative 
or hypnotic in vivo. However, this study does not eliminate the possibility 
that certain centers or other small areas in the brain might be so sensitive that 
the Q 02 could be depressed by extremely low concentrations, which concentration 
might even stimulate the cortex as a Avhole, or as slices in vitro. 

The mechanism of the increased oxygen consumption of the brain slices in- 
duced by the barbiturate in the present study is not understood. 

SUMMARY 

Concentrations of 0.2, 0.3 and 0.5 mgm. per cent phcnobarbital sodium def- 
initely increased the oxj'gcn consumption of slices of the rat cerebral cortex. 
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Because of the present interest in the toxicology of uranium, it has been neces- 
saiy to develop sensitive tests of poisoning which could be applied both in ex- 
perimental animal work and in industrial human exposures. The prerequisites 
of a good test are, of course, simplicity, sensitivity and specificity. Because 
uranium is primarily a nephrotoxic agent (1), poisoning by this agent is accom- 
panied by alterations in certain blood and urine constituents such as blood non- 
protein and urea nitrogen, and urinary protein catalase, phosphatase and sugar 
among others (2, 3), all measures of an altered renal fimction. 

Another disturbance which accompanies uranium poisoning is amino aciduria 
(4). It has been suggested that changes in the rate of amino acid nitrogen 
(AAN) excretion might be a useful test of uranium poisoning (5). Rates of ex- 
cretion of AAN are difficult to determine especially in experimental animals. 
However, it is possible to obtain a measure of the rate of excretion of AAN by 
using the ratio of AAN to creatinine concentrations (AAN/C ratio) in “spot” 
samples of urine, avoiding the necessity of collecting a 24-hour urine sample. 
The AAN/C ratio is as constant as is the rate of excretion of AAN or creatinine, 
is independent of urine flow, and is markedly increased during uranium poison- 
ing (5). 

In the present paper, the AAN/C ratio is evaluated as a test for uranium 
poisoning. The minimal dose of uranium necessary to give a response is de- 
termined. The time course of the response is shown for single and repeated in- 
travenous injections of uranium and for daily inhalation of uranium dusts, and 
the AAN/C ratio is compared with other tests of poisoning. 

Methods. Young (three to sis months old) albino rabbits were iised in most of the ex- 
periments, They were fed a diet of Purina Rabbit Chow 'noth water given ad libitum. 
In the few cases where diarrhea developed, oats were added to the diet until recovery was 
certain. For 24-hour urine collections, the rabbits were kept in regulation metabolism 
cages fitted with a glass-wool filter at both ends of the urine spout leading into a urine col- 
lection bottle containing toluene. The cages were painted with a plastic paint (Ucilon), 
to prevent deterioration of the urine which occurs in galvanized metabolism cages. In 
most of the experiments, spot samples of urine were collected by massage in order to avoid 
contamination which may occur In cage-collected samples. Blood samples were obtained 
for AjIN and nonprotein nitrogen determinations by nicking the marginal car vein and col- 

’ This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project, Rochester, 
New York. 
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lecting the blood in oxalated bottles. The marginal ear veins were also used for all in- 
jections of urnnyl nitrate. The compound was made up in 0.85 per cent saline in the de- 
sired concentration and a total volume of about three cc. was injected. The methods used 
in the inhalation experiments arc described in full elsewhere (6). 

The chemical methods used included: 

Urinary protein— sulfosalicjdic method (7) 

Urinary creatinine— FoHn's picric acid method (8) 

Urinary AAN— method of Albanesc and Irby (9) 

Urinary catalase — Warburg technique (2) 

Plasma AAN — method of Hoffman (10) 

Blood NPN — method of Folin and Wu (11) 

Uranium— ferrocyanidc method (12) 

Results. Minivial Dose of Uranium Necessary to Evoke a Response in AAN/C 
Ratio. An attempt \Yns made to detennine the minimal dose of uranium that 
would elicit a response in the rabbit in terms of an increase in urinaiy AAN/C 
ratio, by injecting intravenously, graded amounts of uranyl nitrate (0.01, 0.02 
and 0.0-1 mgm. U/kgm.). Eight rabbits were given each of these doses in turn 
at intervals of about three weelcs and urines were collected daily by bladder 
massage. The values for the AAN/C ratio are given for each rabbit in figure 1. 
Following the injection of 0.01 mgm. of U/kgm., there was little change in the 
mean value of the ratio. However, after 0.02 and 0.04 mgm. of U/kgm., there 
was a definite increase for a few days followed by a return to the control level. 
In view of the transient nature of the elevated AAN/C ratio and in view of the 
overlapping range of values in the control and experimental periods, it was neces- 
sary to evaluate the data statistically. First, a “cutting point^' was arbitrarily 
selected at a level of 0.19, derived from the mean for the control data (0.10), 
plus two standard deviation imits (<r = 0.046). All values above the “cutting 
point” were considered abnormal In figure 1, the “cutting point” is shoAvn as 
a dotted line. During the control period, only one value of 84 exceeded the 
cutting point, compared to four of 40, 22 of 87, and 31 of 81 following each of the 
three uranium injections. If an individual animal showed two values above the 
“cutting point” in any given period, then that animal was judged to have re- 
sponded in a positive manner to the test. On this basis, none of eight animals 
were positive in the control period, one of eight responded to 0.01 mgm. of U/ 
kgm., four of eight to the 0.02 mgm. of U/kgm. and all eight to 0.04 mgm. 
U/kgm. 

In order to make tests of significance, the data of figure 1 are compiled in table 
1 in terms of the mean values of the AAN/C ratio, and the fraction of abnormal 
values during the control and each injection period. The minimal dose of ura- 
nium to elicit a statistically significant increase in the ratio was 0.02 mgm./kgm. 
when the animals were considered as a group. The percentage of values above 
the cutting point for the ratio during this experimental period (0.02 mgm./kgm. 
injected) was 25 per cent as contrasted with less than 2 per cent during the con- 
trol period. The percentage of high values for the group was proportional to the 
dose of uranium given, but individual animals varied considerably in the level 
of dosage at which they showed a significant response. For instance, one rabbit 
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(^2) showed some very abnormal values at a dose of only 0.01 mgm. U/kgm., 
others responded to 0.02 mgm. of IT/kgm., while some required 0.04 mam of 
UAgm. 

The AAN/C Ratio Corn-pared mik Proteinuria as a Sensitive Test of Uranium 
Poisoning. The appearance of protein in the urine has been used extensively 
as a sensitive test for uranium poisoning. The urine samples used for the de- 
termination. of AAN/C ratio were also analyzed for protein in most cases. A 
“cutting point” of 10 mgm. per cent of protein in the urine has been established 



Fig. 1, The effect of various intravenous injections of uranyl nitrate on the AAN/C 
ratio of eight rabbits. . . . . 

The heavy black line represents the daily mean. The dotted line is the “cutting point 
above which values are considered abnormal. The “cutting point” was arbitrarily selected 
as the control mean plus two standard deviation units. 

b3’’ previous work in this laboratory as a level for rabbits, above which an animal 
can be assumed to have an abnormal proteinuria (3). On this basis, none of a 
total of 68 determinations were abnormal during the control periods, none of 
48 after 0.01 mgm. of UAgiQ., one of 87 values after 0.02 mgm. of U/kgm. and 
eight of 79 after 0.04 mgm. of U/kgm. In terms of the individual animals, 
none of the eight rabbits showed proteinuria during the control period, none 
after 0.01 mgm. of U/kgm., one after 0.02 mgm. of U/kgm. and three after 0.04 
mgm. of U/Irgm. In other experiments, it has been found that 0.1 mgm. of 
U/ligm. is nearly always followed by proteinuria. Thus the minimal amount of 
uranium necessary to produce a response is between 0.04 and 0.1 mgm. of U/kgm. 
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The urinarj" protein was therefore a less sensitive test of uranium poisoning than 
was the AAN/C ratio. 

The Course of Amino Aciduria in Habhils Following Mulliplc Intravenous In- 
jections of Uranium. The rabbits which had previously been used in the deter- 
mination of the minimal dose of uranium necessary to produce amino aciduria 
were divided into four groups. Four to five repeated injections of uranium 
nitrate were given at intervals of three to five weeks at levels of 0.04, 0.1 and 

TABLE 1 

The AAN/C ratio follomng intravenous injection of different amounts of uranyl nitrate 

For each animal, the means arc given and in addition the ratio of “abnormal” to the 
total number of determinations (A/T). “Abnormal” values arc defined ns those more than 
2 c (standard deviation) units above the mean for the whole group (above 0.19). 
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• Statistical tests of significance were made between the mean AAN/C ratio during the 
control period and that for each experimental period, using the “t” test A P of <0 01 
represents a highly significant difference. 


0.2 mgm. of U/Ugm. body weight for groups 1, 2 and 3. The three to five week 
period was chosen because histological observations indicate that after a single 
intravenous injection of uranium, kidney regeneration is complete in about three 
weeks (13). Analyses of urinary amino acid nitrogen, creatinine and protein 
were made almost daily during the course of the experiment on spot samples of 
urine collected by massage. Blood nonprotein nitrogen (NPN) was determined 
five days after each injection at which time the NPN usually rises to its maxi- 
mal level following uranium poisoning (2). A fourth group of animals was 
started at a level of 0.5 mgm. of U/kgm., but these animals all died following 
the first injection. 

The pattern of behavior of the AAN/C ratio was somewhat different for each 
animal and was dependent on the amount of uranium given. In figures 2, 3 and 
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4 the data are given for three representative rabbits which illustrate general 
patterns of response, more or less typical of those seen in other rabbits given the 
same amounts of uranium. 

In the rabbit injected repeatedly vuth 0.04 mgm. of UA'gm. (figure 2), there 
was a maximum in the ratio four days after the first injection, followed by a 
return to lower but still abnormally high values. High values were maintained 
with no sharp rise after the second injection. After the third injection, how- 
ever, there was again a maximum on about the sbdh day, but after the fourth and 



TIME IN DAYS 


Fig. 2. The effect of repeated intravenous injections of 0.04 mgm. U/kgm. as luranyl 
nitrate on blood NPN and on urinary protein and AAN/C ratio. 


fifth injections there were no further elevations but only a continuing high level 
through the experimental period. 

In the rabbit injected repeatedly with 0.10 mgm. of U/kgm. (figure 3), there 
was a tremendous peak five days after the first injection followed by a return to 
lower but still abnormal levels. The second injection also elicited a peak on the 
fifth and sixth daj^s, but the third and fourth injections did not, although the 
general level of the ratio was markedly high throughout the remainder of the 
experiment, higher than in the case of the rabbit injected with 0.04 mgm. of 
UAgm. 

In the rabbit injected repeatedly with 0.20 mgm. of U/kgm. (figure 4), each 
injection was followed by a marked peak on the fourth to sixth days, with inter- 
peak values remaining at very high levels, though tending to fall off gradually. 
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Fig. 3. The cfTect of repeated intravenous injections of 0.1 mgm. U/kgm. as uranyl 
nitrate on the blood NPN and on urinary protein and AAN/C ratio. 





Fig. 4. The effect of repeated intravenous injections of 0.2 mgm. U/kgm. as uranyl 
nitrate on the blood NPN and on urinary protein and AAN/C ratio. 
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As pointed out previously, each rabbit studied showed an individual response. 
Certain generalizations, however, can be made concerning the patterns of be- 
havior. The response to the first injection of uranium at levels betrveen 0.04 
and 0.5 mgm./kgm. involves a sharp peak at the fourth to si-xth days followed by 
a return to lower but still abnormally high levels. Even after five weeks the 
ratio did not return to normal in any animal. In general the height of the peak 
values and the post-peak values "were a function of the amount of uranium in- 
jected. With repeated injections there was a definite tendency for the peaks 
to diminish in size or disappear after the third and fourth injections. This was 
especially true wth the lower doses of U and not so evident with the high doses. 
However, the inter-peak values in no case returned to normal values during the 
course of the experiment even two months after the last injection. 

Representative animals from each level of injection were sacrificed two months 
after the last injection for histological examination. Although the ratio of 
AAN/creatinine was still abnormally high in each animal, no kidney pathology 
was present at that time. The dosage of uranium used in these experiments was 
sufficiently high to provoke renal pathology but generally regeneration is com- 
plete in about three weeks (13). Thus it must be concluded that the regenerated 
kidney in the rabbit is less efficient in resorbing amino acid nitrogen than is the 
normal kidney. 

The response of urinary protein to the uranium injections was quite different 
from that of the AAN/C ratio. In general, each injection of uranium at levels 
of 0.04, 0.1, 0.2 and 0.3 mgm. of U/kgm. tended to evoke the same response, a 
proteinuria starting the second or third days after the uranium injection and 
subsiding after the fifth to ninth days. There were some exceptions to this gen- 
eralization. After some uranium injections, there was no proteinuria at all, 
and after others there was sometimes a sustained proteinuria. The extent of 
the proteinuria was not as well coordinated with the amount of uranium injected 
as was the AAN/C ratio. The proteinuria tended to be more of an all-or-none 
response. 

There \s'as no increase in the nonprotein nitrogen (NPN) in any of the rabbits 
following any of the multiple injections at a level of 0.04 nrgm. of U/kgm. (fig- 
ure 2). However, there was an azotemia following injection of 0.1, 0.2 and 0.5 
mgm. of U/kgm. In the case of the highest dose (0.5 mgm.), the NPN rose to 
extremely high values followed by the death of the animals. With 0.1 and 0.2 
mgm./kgm. the NPN was elevated following the first injection of uranium but 
receded with subsequent injections, so that following the second or third re- 
peated injections, there was no elevation at all (figures 3, 4). The decreased 
response of blood NPN folloudng repeated injections of uranium may well be 
due to development of tolerance. 

The Excretion of Amino Acid Nitrogen Fallowing Exposure of Rabbits to In- 
halation of Uranyl Fluoride Dust. The appearance of amino aciduria was used 
as a sensitive test of uranium poisoning during a series of studies of the toxicity 
of uranyl fluoride (UO 2 F 2 ) dust by the inhalation route. Animals were exposed 
six hours per day, six days per week, for five weeks to an atmosphere of the dust 
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at levels of 2.8, 0.05 and 0.19 rngm. of UOjFs per cubic meter of air (C). The 
concentration of amino acid nitrogen in the urine was determined daily on over- 
night, cage-collected urine samples of seven to fifteen rabbits in each experiment. 
The protein and catalase content of the urine was also determined at the same 
time in some experiments. Blood nonprotcin nitrogen was determined semi- 
weekly. 

There was a pronounced amino aciduria in each of the ten rabbits exposed to 
2.8 mgra. of UOjFs/m’. On the average, the amino acid nitrogen concentration^ 
began to rise on the fourth day of exposure, continued to rise until the eighth or 
ninth day and then remained at about four to five times the normal level through- 
out the exposure period (figure 5). Proteinuria also developed in each of the 
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DAYS OF EXPOSURE 

Flo. 5. Changes in blood NPN and in urinary protoin and amino acid nitrogen (A.AN) 
during daily exposure to 2.8 mgm. of UO,Fi dust per cubic meter of air. 

ten rabbits starting the third or fourth day, rising to a high level during the 
seventh to seventeenth days, but then returning to almost normal thereafter, 
with scattered high values in some of the animals. The blood nonprotein nitro- 
gen showed elevated values in six of the ten rabbits; the mean value increased, 
starting about the seventh day, and returned to normal about the 21st day. 

In the e.xperiment with 0.C5 mgm. of UOiF./m’ of air amino aciduria was not 
nearly as pronounced. Eight of the ten rabbits showed elevated AAN values. 
The amino aciduria started about the fifth day and persisted throughout the 
exposure period at a level about two times that of the control period. A pro- 
teinuria was observed in four of the ten rabbits with the maximal response from 

’ The iabalation experiments were done prior to the discovery th,at the AAN/C ratio of 
the urine was a better test than the urinary concentration of AAN. 
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the fourth to fourteenth days, followed by scattered high values thereafter. A 
catalasuria occurred in six of the ten rabbits, which was somewhat parallel to 
the proteinuria both in the time course of the response and in the response of 
individual anunals. An elevated blood nonprotein nitrogen was observed only 
in one rabbit of the ten. 

Exposure to 0.19 mgm. of UOjFo/m® elicited a slight amino aciduria, catala- 
suria and proteinuria in only one rabbit of fifteen studied. 

Certain generalizations can be made on the basis both of the inhalation studies 
reported here and of many others which are reported in detail elsewhere (14). 
The most sensitive biochemical tests for uranium poisoning proved to be the 
urinary AAN and the urinary catalase, with urinary protein somewhat less sensi- 
tive and the blood nonprotein nitrogen least sensitive. There was a significant 
statistical correlation between the appearance of urinarj"- catalase and urinary 
protein. Both tests tended to be positive in the same animals at the same time. 
The general time course in each case consisted of a marked peak three to five 
days after the start of e.xposure, followed by a return to almost normal with 
scattered high values throughout the rest of the exposure period. In contrast, 
the AAN concentration, after an initial response at the fourth or fifth day, re- 
mained at an elevated level throughout the whole of the exposure period. The 
maintained high level is of considerable value in using the urinary AAN as a 
sensitive test of poisoning, because it allows application of statistical tests of 
significance to data from the control and exposure periods. In the case of uri- 
nary catalase and protein, the elevated values are transient in nature and there- 
fore more difficult to evaluate in borderline cases. There was no statistical 
correlation between the catalasuria or proteinuria and the amino aciduria. The 
amino aciduria occurs in different animals at different times and the time course 
' of its response is quite different. Individual animals may show no catalasuria, 
but a pronounced amino aciduria or vice versa. The independence of the amino 
aciduria from the catalasuria and proteinuria can be used to advantage in testing 
for uranium toxicity by using all three tests together. For example, in the in- 
halation experiment with 0.65 mgm. of TJO^Fo per cubic meter of air, eight of 
ten rabbits showed an amino aciduria, six of ten a catalasuria and four of ten a 
proteinuria, but all ten animals showed positive to at least one of the tests. 
Thus all three tests together are more sensitive than any one alone. 

Elevation of the blood nonprotein nitrogen is indicative of severe poisoning, 
for tins test is not very sensitive. Animals which showed an elevated NPN 
nearly always showed a proteinuria, catalasuria and amino aciduria. 

It is of interest to compare the time course of each of the variables used in this 
study vdth that of the renal histopathology, which is presented in great detail 
elsewhere (13). Briefly, the course of histopathology is as follows: after about 
three days of exposure, degenerative changes occur in the proximal convoluted 
tubule, followed by necrosis and sloughing of dead cells into the lumen for about 
seven to ten days. The extent of the damage depends on the size of the exposure. 
Active regeneration starts witliin a few days after degenerative changes have 
first occurred and the tubules are completely relined in about two to three weeks. 
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After three to foui m eeks, the evidence of cell destruction is limited to occasional 
sloughed cells to the presence in some cases of atypical cells and some evidences 
of regenerate e acteity 

The first appearance of albuminuria, catalasurn and ammo aciduria seems to 
be definitely associated ivith the appearance of the first degenerative changes in 
the hidney Thereafter, as the process of regeneration and repair is accom- 
plished, the proteinuria and catalasuria tend to icturn to norma! values If 
azotemia results, it is at a peak after about seven to ten days which corresponds 
to the time at which mavimal degeneration has occuired The ammo aciduria 
on the other hand remains elevated even after regeneration is essentially com- 
plete Appaientlj the regenerated kidney, although normal m most other re- 
spects, cannot resoib ammo acid nitrogen to the same e\tent as can the un- 
poisoned kidney 


BUJUIARI AND CONCLUSIONS 

1 The AAN/C ratio proved to be a very useful test for uranium poisoning 
m rabbits The mimmal dose of uranium that would elicit a significant response 
vvas002mgm ofU/kg™ of body weight given ns uranyl nitrate Aproteinuna 
did not appear until 0 01 to 0 1 mgm of tl/kgm were given 

2 With repeated intravenous injections of uranyl nitrate m rabbits at three 
to five-week intervals, coitain patterns of response of AAN/C ratio were ob- 
served The first response was always a marked peak followed by a return to 
lower but still abnormal values In general, the magnitude of the response was 
proportional to the dose of uranyl nitrate given After subsequent injections, 
the size of the peak usually dimmished or even disappeared but the general level 
of the ratio remained abnormally high With large doses of uranium, however, 
the ratio tended to become progressively higher with no disappearance of the 
peaks The ratio did not return to normal for several months after the last m- 
jection even though the kidneys at this time showed no histopathology The 
urmary protem tended to show a peak response after each injection follow ed by 
a return to normal 

3 During exposure to inhalation of uranyl fluonde dust, the urinary AAN con- 
centration became elevated after three to five days and remained high through- 
out the rest of the 35 day exposure period In contrast, the urmary protein, 
catalase and blood nonprotom nitrogen responses were more transient with 
high levels followmg the mitial msult to the kidney followed by a return to more 
normal values after about two to three weeks when regeneration of damaged 
tubules m the kidney was almost complete 

4 The AAN response is independent of the protem and catalase response 
and for this reason, the three tests together are more sensitive than any one alone. 

5 Some additional evidence is presented bearmg on the development of toler- 
ance by the kidney. 
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Fomeau, Billeter, and Bovet (I) reported that the 3,3-dimethyl, 3,3-diethyl’ 
3-benzyl-3-methyl, 3-phenoxymethyl-3-mcthj'l, 3-cyciohexyl, 3-phenyl, 3,3- 
diethyl-N-methyl, and 3-phcnyl-3-niethyl-N-dimethyl derivatives of glj'oidamide 
all had weak hypnotic properties in experimental animals. Apparently none 
of these compounds were of sufficient interest to warrant clinical study. 

Work on 2-ethyl-3-propylglycidainide' in this laboratory indicates this sub- 
stance may prove to be of value clinically. It has a central depressant action in 
animals generally resembling that of the short-acting barbiturates. 

2-Ethyl-3-propylgtycidamide has the following structure. 


H H H H CrHs N 

I I I I I / 

H— C— C— C— C C— C— N 

III \ / II \ 

H H H 0 0 N 


It occurs as a tasteless white crystalline solid with little or no odor. One 
part is soluble in 95 parts of water at 30°C. 


Expekimental. Hypnotic activity and acute intravenous toxicity in rabbits, 2-Ethyl- 
3-propylglycidamide was compared to pentobarbital and cthylisoamylbarbituric acid em- 
ploying the intravenous route in mature white rabbits. Comparative evaluations included 
determinations of the LD,o, the M.H.D. (minimal hypnotic dose or the dose causing 50 per 
cent of the animals to lie on their sides with heads down), and the duration of action with 
physiologically equivalent doses of two M.H.D.S. 

The three compounds were administered in equivalent amounts of a 50 per cent aqueous 
propylene glycol vehicle. The low solubility of the glycidamide in water necessitated the 
use of this solvent. 

The vehicle itself killed 4 of 8 animals injected with amounts required to 
administer 3G0 mgm./kgm. (14.4 cc. of 60 per cent propylene glycol per kgm.) 
of the glycidamide and prevented the determination of an LDgo for this sub- 
stance. Smaller amounts of the propylene glycol vehicle required in other 
determinations had a negligible effect. The LDso values of 33 and 49 mgm./ 
(table 1) for pentobarbital and cthylisoamylbarbituric acid in 50 per cent 
propylene glycol are in fair agreement with corresponding values of 40 

^ Present address: Departmentof Pharmacology, University of Tennessee, Meraphis» 
Tennessee. 

* Prepared in these laboratories by B. H- Harriman, present address: General Aniline 
and Film Corporation, Ansco Division, Binghamton, N. Y.j and G. H. Harris, present 
address: Dow Chemical Co., Pittsburgh, Calif. 
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Chronic toxicity studies in rats. The effects of daily stomach tube adminis- 
tration of 2-ethyl-3-propylgIycidamide were investigated in three groups of rats. 
One group of six received 50 and one group of five 200 mgm.Agm. of the drug, 
suspended in 5 per cent gum acacia, six days per week for eight weeks. The 
third gi-oup of six animals served as a control and received daily administrations 
of 5 per cent gum acacia solution. Total volumes in all cases were 10 cc./kgm., 
and doses for individual animals were readjusted weekly to compensate for 
changes in body rveight. 

Cumulative narcotic effects did not develop even in the high dose series Avhich 
received two-fifths of the M.H.D. daily; and signs of toxicity did not develop in 
either experimental group. Experimental and control animals gained in body 
weight at a similar rate. Red, Avhite, and differential counts and hemoglobin 
concentrations remained in the normal range and did not differ significantly 
from the controls. 

The histologic alterations in sections of the heart, aorta, lung, liver, spleen, 
stomach, adrenal, small and large intestine were inconsequential. Thej' occurred 
as frequently in control as in experimental animals and thus could not be at- 
tributed to the administration of 2-ethyl-3-propylglycidamide. 

Chronic toxicity studies in monkeys. One male and one female monkey {Macaca 
mulatto.) receir^ed, by stomach tube, 100 mgm./kgm. per day of 2-ethyl-3- 
propylglycidamide, suspended in gum acacia, six days per week for four weeks. 

Weight curves and hematologic findings for these animals were similar during a 
four-week pre-drug period, four-week drug period, and two-week post-drug 
period. Appetite, activity, and gross appearance of the animals remained 
normal throughout the period of observation, and there were no signs of toxic 
action of the glycidamide. 

CONCLUSIONS 

2-Ethyl-3-propylglycidamide is a short-acting hypnotic with central actions 
generally resembling those of the short-acting barbiturates. 

Its milligram potency as determined in animals is roughly one-fifth to one- 
eleventh that of pentobarbital, one-fourth that of ethylisoamylbarbituric acid, 
and similar to that of a-monobromoisovalerylurea. The margin of safety of the 
glycidamide is at least as large as that of the other hypnotics. 

The duration of action is similar to that of pentobarbital, ethylisoamylbar- 
bituric acid, and a-monobromoisovalerylurea. 

Repeated daily administrations of comparatively high doses of the glycidamide 
are nontoxic and nonaccumulative in laboratoiy animals. 
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Simple monoethers of glycerol have a peculiai depres'^ant action on the central 
nervous system (1, 2) This depressant action differs fiom that of the barbitur- 
ates and other anesthetic drugs in not aflecting consciousness and in having a 
greatei effect on the mechanisms mediated m the spinal coid and midbrain than 
on those of the foiebrain It uas of interest to investigate nhcthei other com- 
pounds containing the gljccrol giouping would also evhibit similai depressant 
properties The first compound of this tj'pe which has been evammed was the 
leadily available gljccrol ketal of cjclohe\anonc This substance m laige doses 
appeared to possess a paralyzing action which on cursorj c\ammation was not 
dissimilar to that of the gl>cciol ethers Various derivatives of this compound 
were e\amined and it was found that the 2,2 alk>l-4-hydro\j methyl-1 ,3 dio\o- 
lanes possessed a paralyzing action which was quite similar to that observed with 
glycerol etheis (3) The present report deals with the phaimacological proper- 
ties of 2 methyl, 2-n-amyl-4 hydrovjmcthyl 1 ,3 diovolane winch has been called 
Glj'ketal This compound possessed the gicatest activity of all members of the 
senes which hav’o been cvamined 

I Physical and Chemical Properties Glykctnl is a colouilcss viscid liquid, pos 
sessing *1 verj faint fruitj odor, boding point 128-132® at 10 mm pressure The compound 
IS not entirelj stable and hydrol>zes slowly on standing Gl>kctal is only very slightly 
soluble in water, about 0 1 per cent w/v It disperses casdy m water or aqueous sodium 
bicarbonate solution and forms fairly stable emulsions AOS per cent v/v emulsion is 
hazj and a 2 per cent v/v emulsion is of milky appearance \ 0 1 per cent w/v sodium 
bicarbonate solution has been used os the dispeising medium to prevent hj drolj sis This 
precaution is unnecessary if f reshlj prepared emulsions are used as hj drolj sis did not occur 
for a few houis in emulsions made with distilled water 

Glyketal and allied compounds were prepared bj Drs V Boekelheide, D S Tarbell and 
their associates The chemistry of these compounds will be published bj them elsewhere 

II PHATIMACOLOGICAL pnoPEHTiEs Tlic action of Glyketal was investigated 
m mice, rabbits, cats, and dogs The action w as qualitatively similar in all these 
species and consisted m musculai relaxation and ataxia after small doses and 
muscular paralysis wntU impairment or loss of the righting reflexes after larger 
doses The paralyzing dose of Glyketal varied somewhat with the route of ad- 
ministration and the species of animals used The drug w as how ever effective on 

* Aided by a grant from The National Foundation for Infantile Paral> sis, 
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oral, subcutaneous, intramuscular, intraperitoneal and intravenous administra- 
tion. 

1. Effect on mice. Mice injected intraperitoneallj’- with 150 to 200 mgm./kgm. 
became paralj-^zed a few minutes after administration of the compound. Paralj-- 
sis was preceded by ataxia but excitation prior to paralj^sis was not observed or 
was slight. During paralysis the righting reflex was lost. The corneal, pinna 
and withdrawal flexor reflexes were present. Respiration was nonnal or slightly 
increased in rate and depth. Paralysis with these doses lasted a few minutes 
and was soon followed by complete recoverj" of voluntary muscular function. 
Higher doses of Glyketal caused paralysis of longer duration. Lethal doses ap- 
peared to cause death by respiratory paraij'sis. The effects observed Mth Gly- 
ketal in mice could not be distinguished from those obtained after injection of 
comparable doses of Myanesin. 

The relative efficac 3 ’’ and toxicit 5 ’^ of Mjmnesin and Glyketal has been compared 
in mice by giving graded doses of both compounds under similar conditions on the 
same daj' to groups of male animals of similar weight. The results are 
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Fig. 1. The Structural Formula of 2-methyl, 2-N-AMyL-4-HYDROXYMETHYL- 
1,3 -dioxolane (Glyketal). 


summarized in table 1. Gljdcetal appeared to be a more effective paralyzing 
agent than Mjmnesin. The difference between the mean paralj'^zing doses of the 
two compounds was statistically significant (P 0.01). Glyketal was also some- 
what less toxic than Mjmnesin but the difference may well have been due to 
chance (P about 0.1). The standard safety margin calculated according to Fos- 
ter (4) as the percentage above the surelj’’ effective dose at which an occasional 
death will occur was 78 per cent for Glj'ketal and 58 per cent for Myanesin. 

The duration of paratysis obtained with the two compounds has been com- 
pared bj' the cross over technique after a dose of 180 mgm./kgm. Every animal 
received both drugs at an interval of four daj^s. The mean duration of paralj'sis 
with Glj'ketal was 6 min. 48 sec. rfc 1 min. 6 sec. as compared with 1 min. 23 see. 
± 38 sec. for Mj'anesin. 

The results of these experiments indicate that Glj'ketal possesses greater 
paralj'zing power and that it causes paralj'sis of longer duration than Mj'anesm. 
The toxicitj' of both compounds in mice appears to be similar. 

2. Effect on rabbits. The effect of an intravenous injection of Glj'ketal to rab- 
bits varied with the rate of injection. flTien injections were carried out at the 
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late of 40 mgm /kgm /mm the animals showed ata\m soon aftei teimmation of 
the injection The mo\emcnts of the head and e\tremities were imperfectl} 
controlled This stage w as follow ed aftci about tw o minutes by impaii ed muscu- 
lar power and general muscular flatcidity The cais diooped, the head could 
not be held up and the bodj sank, down and spicad out along the giound j\Ius- 
culai power was, howc\cr, not entuel5' lost as the animals were still able to react 
vigoi ously to stimulation Certain i abbits show ed \ ertical nystagmus f oi a shoi t 
period of time The comeal and pupillary icflcxes and the knee jeik were 
present Animals placed on then side icmamcd m this position for five to fifteen 
minutes Respnation was unchanged or slightl}' incieascd in uite and depth 

TABLE 1 

2 he i7JCi(/cHcc of paralysis ami death after inlrapcrtloncal administration of Glykclal and 
Myancsin io uhite male mue, neighing lS-20 grams 
The numerator gives the number of anini'ils re icting and the denominator the number 
of animals used 


UGVt /kGU 

GL\kETAt 1 


Farabsis 

Death 

Paralysis 

Death 

120 

4/20 

0/20 

0/20 ' 

0/20 

150 

6/20 

0/20 

0/20 

0/20 

ISO 

18/20 

0/20 

7/20 

0/20 

230 

20/20 

0/20 

18/20 

0/20 

280 

20/20 

0/20 

20/20 

0/20 

420 ' 

40/40 

4/40 

20/20 ; 

0/20 

520 

20/20 

4/20 

20/20 1 

7/20 

620 

40/40 

23/40 

20/20 1 

19/20 

ED-o 

148 rfc G mgm /kgm 

101 ± 10 mgm /kgm 

LTl$o 

695 ± 26 mgm /kgm 

540 ± 27 mgm /kgm 

LD ED,o 1 

4 0 

2 ' 

3 

Sundard safetj 
margin 

7S% 

58% 


Duimg this stage the animals appeared conscious and followed moving objects 
with the eyes On recovery from paialysis the animals sometimes closed their 
eyes and appealed to fall asleep for a few minutes All animals receiving doses of 
this order icco\eied and remained well Doses of SO mgm /kgm /ram caused 
complete flaccid paialysis lasting for about twenty minutes Soon after the 
termination of the injection the animal became incapable of any movement and 
did not react to stimuli except bj a slight nai i ownng of the palpebi al fissure The 
limbs w ere flaccid The corneal reflex w as usually absent for a shoi t time during 
the first few minutes of paial>sis Respiration was shallow and somewhat de- 
creased in rate but the animals continued breathing spontaneously Reco\ery 
of musculai power in the neck muscles and foie limbs always occurred some min- 
utes before muscular power returned to the hind legs The animals weie com- 
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pletely lecovered one to two hours later. Thej’^ sometimes died overnight for 
unlaiown reasons. 

Larger doses of the drug or similar doses injected more rapidly in stronger solu- 
tion caused death by respiratory parab-^sis. The heart continued beating for a 
minute or so after respiration had stopped. On post-mortem examination after 
administration of lethal doses the right heart was as a rale well filled, the liver 
was congested and there were numerous hemorrhages in both lungs. 

Gljdvetal never caused excitement prior to paral 5 fsis. The occurrence of rigors 
as described after rapid intravenous doses of Myanesin to rabbits (5) has not 
been observed after Glyketal. Extensor rigidity of the decerebrate type, how- 
ever, has been observed after rapid intravenous injection of Glyketal to cats. 

3. Effects on cats. The intraperitoneal administration of Glyketal to cats in 
doses of 100 mgm./kgm. caused generalized muscular weakness. A few minutes 
after administration of the drug the animals were unable to move around in a 
coordinated manner. The ataxia was probably due to both impaired muscular 
power and a disturbance of equilibrium. About ten minutes after injection the 
animals were unable to support the bod}' on the legs and la}' on their side. The}' 
were, however, capable of movement on stimulation. During paral 5 'sis which 
lasted 40 minutes or longer respiration and the corneal and deep reflexes were 
normal. When recovery set in disturbances of equilibrium again became 
apparent for half an hour or so. Sometimes a transient tremor of the hind legs 
was observed. In these animals the administration of the drug was repeated on 
three successive days with similar result. XJntowards after-effects were not ob- 
served during two weeks observation. 

The animals did not show signs of excitation prior to or following paralysis. 
Vomiting was not observed. Specimens of urine collected at various times after 
administration of the drug did not contain abnormal constituents. 

4. Effect on circulation and the autonomic nervous systcin. These effects were 
investigated in cats anesthetized with Dial solution 0.6 cc./kgm. The intra- 
venous injection of Glyketal 5 mgm./kgm. did not affect respiration but produced 
a slight and transient fall of blood pressure and a decrease in heart rate. Smaller 
doses did not cause significant effects. As was the case with Myanesin, the 
depressor effect obtained depended to a large extent on the speed of injection. 
A rapid injection of 10 to 20 mgm./kgm. produced marked hypotension which 
was, however, of short duration and followed by spontaneous recovery. Similar 
amounts injected very slowly had hardly any effect on blood pressure. 

Glyketal did not appear to have any muscarinic effect as the fall of blood pres- 
sure and slowing of the heart were not altered after the administration of atropine. 
The drag also appeared devoid of nicotinic action. The repeated administration 
of a dose caused a depressor effect of comparable extent. 

The blood pressure responses to epinephrine, acetylcholine and histaminewere 
not altered even after large doses of Glyketal. The drag did not influence the 
depressor effect and slowing of the heart produced by stimulation of the periph- 
eral vagus nerve. 

5. Effect on neuromuscular irarismission. The effect of Glyketal on neuromus- 
cular transmission and spinal reflexes was examined in cats anesthetized witli 
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Djal solution 0 G cc Agm Tlie gastrocaiemius muscle was stimulated through 
its nerve by a senes of short tetani administered fiom a Haivard inductonum 
every 10 seconds The duiation of each stimulus vas about 100 milliseconds 
The conti actions of the muscle nerc recorded on a smoked drum Glyketal nas 
injected mtra\ enously into the jugulai \ein It did not affect the excitability 
of the muscle to indirect stimulation m doses up to 20 mgm /kgm This lack 
of any cuiaic-like action of Glyketal is illustrated in fig 2 d-Tubocuranne 
chloride administered similarlj m doses of 0 06 mgm Ag^ caused maiked but 
tiansient reduction of excitabilitj of the muscle to indirect stimulation 


FLEXOR REFLEX 



Fig 2 The Effect of Glxketae on tiii- Fllxor Ueflex and Stimulation of the 
Gastrocnemius Mlscie TnRouru ns >iER%E 

Cit 22S0 gm Dnl anesthesn Tracings from above downward Flexor leflex, indirect 
stimulation, signal line and time in 10 second A.t signal intravenous injection of Gh ketal 
30 mgm 

G Effect on spinal reflexes The knee jerk uas elicited mechanically eveiy 10 
seconds vith a solenoid tapper of the t>pc u'?ed by Schveitzer and Wright (6) 
The tibialis anticus muscle as used for the recording of the flexor reflex After 
section of the ipsildtcral fcmoial nerve and the hamstnng branch of the sciatic 
nerxe, the posterior tibial nerxe, seveied distaliy to the electrodes, was stimu- 
lated The stimuli weie deuved from a Glass stimiilatoi and consisted of short 
tctani applied for about 100 milliseconds at 10 second mten als The drugs w ere 
injected into the external jugular vein 

Glyketal as a i ule did not affect the normal Imee jerk in any w aj Sometimes 
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there was a slight decrease in the size of the jerk. This effect may have been 
due to the general diminution of muscular tone by Glyketal. Complete inhibi- 
tion of the knee jerk with tolerated doses of Glyketal was never observed. 

The effect of the drug on the flexor reflex was very marked (fig. 2) . Small doses 
of Glyketal of the order of 10 mgm./kgm. caused a depression or complete dis- 
appearance of the flexor reflex. The effect was almost immediate and was of 
fairly long duration. Myanesin possessed a qualitatively similar action Avhich 
was, however, of lower intensity and .shorter duration. To obtain similar effects 
with the two drugs, about twice as much Myanesin as Glyketal had to be used. 

"crossed extensor reflex 



t 



Fio. 3. Tub Effect of Glvkbtai. on the Ckosscd Exte.nsok Reflex 


Cat 26t0 gni. Dial aiiestlicsia. Tracings from almve doAvnwnid; Crossed e.\tensor 
reflex, signal line marking stimulation and time signal every 5 seconds. At airow injection 
of Glyketal 15 mgm. 

Glyketal also had a marked depressant action on the crossed extension reflex 
produced by stimulation of the central stump of the contralateral sciatic nerve. 
A series of these reflexes is shown in fig. 3. Althrough the strength and duration 
of the stimulus was the same in eveiy case, the reflex showed marked variations 
in response. A series of five or six reflexes showing marked after-discharge was 
followed by a series of four or five reflexes with little after-discharge. These 
groups formed a fairly regular pattern. Clj^ketal abolished thecrossed extensorre- 
flex regularlj'. This reflex was most sensitive to the effects of the drug and could 
be abolished for long periods of time with veiy small amounts of Glyketal. 

Although Glyketal had but little effect on respiration in doses which depressed 
the flexor and extension reflexes, the possibility that the depression of reflexes rvas 
caused b3’' anoxia was considered. It was found that forced artificial respiration 
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administered undei positive pressure did not affect the effect of Glj ketal on the 
reflexes in any nay 

7 Effect on rejlcx hyperexcttabthtif A state of inci’eased reflex lijperexcit- 
abilit\ ^^as piodiiced m anesthetized cats by the administiation of suitable doses 
of strychnine A lepetitive stimulus which kept excitation at a relati\ely high 
and constant le\ el w as provided by tapping the quadriceps tendon at inter-v als of 
5 seconds with an automatic tappei With this technique a tremor of the stim- 




Fio 4 The Effect of Glyketae on the Knef Jerk and on Tremor Produced by 
Strychnine 

Cat 2620 gm Dial anesthesia Stnehmne sulphate 0 5 mgm administered in divided 
doses Tracing from abo^ e don nw ard knee jerk, signal line and time in 5 second intervals 
At signal Glj ketal 30 mgm intravenouslj 

ulated leg was often pioduced for prolonged penods of time Because of the 
tremor the size of the knee jerk was irregular Injection of Glyketal almost 
immediately abolished the tremor and permitted the eliciting of a normal l^nee 
jerk This effect is illustrated in fig 4 The broad white line w as produced by 
the rapid oscillation of the lever due to the tremoi After administration of the 
drug the tremor stopped completely as evidenced by the narrow trace between 
the tendon reflexes 

On other occasions administration of strychnine did not produce tremor but 
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caused the appearance of periods of hyperexcitability which appeared fairly regu- 
larly after every five to seven loiee jerks. Administration of Glyketal abolished 
this repetitive pattern of excitation but did not depress the knee jerk. An ex- 
ample of such a I'ecord is given in fig. 5. 

8. Drug antagonism. The antagonistic action of Glyketal and Myanesin to 
the effects of strychnine, pentamethjdenetetrazol (hfetrazol) and Picrotoxin was 
investigated in white male mice weighing 18-20 grams. The con 5 mlsant drugs 



Fig. 5. The Effect of Glyketah on the Knee Jerk in a Strychninized Cat 
Cat 2S00 gm. Dial anesthesia. Strychnine sulphate 0.6 mgm. given in divided doses. 
Tracings from above downward; knee jerk, signal line and time signal every 6 seconds. 
At signal Glyketal 30 mgm. intravenousl}'. 

were administered in doses which caused convulsions and death in the majority 
of the animals (LDso). Gtyketal or Atyanesin were administered simultaneously 
with one of the convulsants by the intraperitoneal route. Ten mice were used at 
each dose level. The volume of fluid which was injected was kept constant. 
The incidence of convulsions and deaths was noted at intervals of 10 minutes for 
90 minutes. The results of the experiment are summarized in table 2. 

Glyketal possessed some antagonistic action to the lethal effects of strychnine 
and hletrazol but this action was much weaker than that of Alyanesin. The dif- 
ference between the antagonism of the two depressant drugs to Aletrazol was of 
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paiticulai interest Large paralyzing doses of either drug \\ere able to pievent 
both comulsions and death from Mctiazol With smallei doses Gljketal be- 
ha^ ed as a tine, though ^\eak antieomnilsant bj sho^Mng a comparable effective- 
ness in pre\ cnting both convulsions and death anesin on the other hand 
vas eij effectu e m pie\ entmg death but had little effect on the incidence of con- 
Milsions Control animals iccemng Alctrazol onlj, usually died a fev min- 
utes aftei the onset of con\ulsions while the mice which also received Mjanesm 
con\ulsed Molently for one or two liours but did not die Ihe convulsions m 
the M}anesm treated animals appealed just as Molent as those of the contiol 

TABLE 2 

The antagomshc action of GlykHal ami Myanestn to the lethal effects of strychnine, Metrazol 
and Picroioxin in \ikile male mice on tntraperitoncal injection 
An LDgodose of one of the couvulsants was injected jomth v\ith graded doses of Gljketal 
or Mj anesm and the incidence of death noted at \aiious times after injection Ten mice 
^^Ple Used at each dose level 


COWttSAKr 

TIME AFTFR 
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No die(l/\o 
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. CbUtal rngm Asm 

Mjanesiaragm Asm 

IcO 
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6’ S 

230 

123 

62 S 

Stijchnme 2 

10 

16/20 

0 

4 

C 

' 0 

1 

8 

mgm /kgm 

30 

17/20 

2 

1 

7 

0 

3 

8 


GO 

17/20 

2 

1 8 

8 

0 

4 

: 8 


90 

1 17/20 

3 

8 

S 

: 0 

4 
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Metiizol 100 

10 

1 15/15 

0 

1 

5 

1 0 

0 

2 

mgm /kgm 

30 

15/15 

0 

0 

10 

0 

0 

4 


GO 

15/15 

c 

10 

10 

1 

3 

5 


90 

15/15 

10 ! 

10 

10 

1 

4 

6 

Picrotoxm 15 

10 

0/20 ■ 

0 

0 

0 

0 

0 

: 0 

mgm /kgm 

30 

15/20 

4 

7 

10 

0 

4 

1 8 


CO 

16/20 

7 

8 

10 

3 

7 

i 9 


90 

16/20 

9 

8 

10 

5 

10 

1 D 


9 Olher pharmacological properUes Gljketal did not possess analgesic action 
in doses not causing paralysis Dunng paralysis the animals did not leact to 
painful stimuli of moderate intcnsitj but this was piobably secondarj’’ to the 
muscular impairment Reactions to stiong stimuli weie present during paialy- 
sis Ghketal when tested on the rabbit’s cornea had a local anesthetic action 
compaiable to that of piocaine The local anesthetic action was of little prac- 
tical mteiest because of the irntation caused bj the compounds 

Discussion The c\periments dcsciibcd m this paper suggest that Gljketal 
exeits its effects bj'" a highly selcctne depressant action on ceitain paits of the 
cential ner\ ous system The effect of the drug on certain spinal reflexes permits 
the identification of the locus of action of the drug Recent work (7) has shown 
that the knee jerk is mediated by a two neuion ipflex arc formed bj' the direct 
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synapse between the large afferent nen^e fibres and the anterior horn motor cells. 
The flexor reflex on the other hand is mediated through a three-neuron or multi- 
neuron arc in which one or more intemeurons in the spinal cord, are interposed 
between the afferent nerve-ending and the anterior horn motor cell. In the case 
of the crossed extension reflex with its long latency and prolonged after-discharge 
several interneurons are interposed between the afferent and efferent parts of the 
reflex arc. Administration of Glylcetal in small doses supresses the crossed ex- 
tension reflex for long periods of time. Somewhat larger doses of the order of 10 
mgm./kgm. depress or abolish the flexor reflex but do not influence tlie knee jerlc. 
There appears to be a relation between the effect of Glyketal and the presence of 
interneurons in the reflex arc. If interneurons are not present in the reflex arc 
as in the case of the knee jerk the dnig does not influence the normal reflex hap- 
penings. If one interneuron is intercalated in the reflex arc the depressant effect 
on the reflex is marked and when several interneurons are interposed the depres- 
sant effect of the drug becomes very strong. The drag also appears effective in 
suppressing the central excitatory state produced b}" the injection of strychnine 
and sustained by elicitation of the knee jerk at regular intervals. The mainten- 
ance of the central excitatory state has been explained by the activity of interneu- 
rons ( 8 ). All of these results suggest that Glj'ketal blocks the spread of impulses 
through intemeurons of the spinal cord. 

Apart from this action Glyketal in small doses .seems to have little effect on the 
workings of the nervous system. On sj'Stemic administration it does not affect 
conductivit3'' of nerves and does not influence the transmission of impulses at the 
myoneural junction. Electroencephalographic studies carried out with three 
cats showed no evidence of significant alterations in the electrical activit3'^ of the 
cortex after Gl3dvetal in doses of 20 mgm./kgm. 

Two recentl3’’ described drugs, benzimidazole ( 9 ) and M3'anesin ( 1 ) which are 
chemically unrelated to each other and to G^dvetal also have a depressant action 
on intemeurons. The3' differ from Gtyketal in being weaker interneuronal block- 
ing agents and in possessing a much stronger antagonistic action to str3mhnine. 

A depressant action on intemeurons is also an important propert3’' of man3' gen- 
eral anesthetics such as the barbiturates. These anesthetic drugs differ, how- 
ever, from benzimidazole, Afyanesin and Glyketal in influencing consciousness 
first and affecting the intemeurons in larger doses onl5^ Glyketal and the other 
two agents depress the intemeurons in doses which do not cause paralysis and do 
not seem to affect consciousness. 

The loss of the righting reflex, the disturbances of equilibrium and the n3'stag- 
mus observed after larger doses of Glyketal indicate that the medulla oblongata 
and the midbrain are also affected. These effects ma3'' also be due, at least in 
part, to intemeuronal blockage. There is, however, the possibilit3’’ that Gb'ketal 
also exerts direct depressant effects on neurons mediating postural and optic 
reflexes. 

A drag which can produce muscular relaxation and reduce refle.x h3'perexcit- 
abilit}'' in doses which do not affect respiration or consciousness is obviousty of 
potential interest in therapeutics. Glyketal is likely to be of value in conditions 
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m uhicli spasm and pain are caused or mediated by abnormal activity of the 
intemeiirons Glykctal may also tcmpoiarily abolish involuntary movements 
maintained by ciiculation of impulses m cl(^cd interneuional circuits Apart 
from any value that the ding may have m theiapeutics it may become, because 
of its solectne action, a valuable tool in ncuiophysiological studies 

SmiMVllTi 

2-i\Iethjl, 2-n-am5'l-4-hvdro\ymeth3l-l ,3-dio\olane, called Glyketal, pioduced 
transient diminution of muscular tone and paralysis of \oluntaiy muscles m 
doses vhich did not markedly affect icspiration and othei Mtal functions In 
small doses which did not cause paraljsis Gl>kctal had a maikcd depies^ant ac- 
tion on the flexor and crossed cxtcnsoi reflexes The noimal knee jeik was not 
affected The duig counteiacted the ccntial excitatoiy state pioduced by 
stijchnme The‘=:c results indicate that Gljketal has a selective blocking action 
on the mterneuions of the spinal coid 
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Findings of studies on the metabolism of gallium (1, 2, 3) indicated that in this 
element there existed a new tool for the study of bone metabolism. On the basis 
of the infoi-mation and experience gained in this ivork an investigation was ini- 
tiated covering the physiological characteristics of the radioactive isotope (Ga’-), 
which is an energetic beta and gamma emitter having a half life of 14.1 hours. 

In this report are given the results of a radioautographic study of the distribu- 
tion of gallium in the skeletal tissues of the ralrbit and dog following injection of 
a non-toxic dose of radiogallium (Ga’-). 

PiiEPARATiox OF Radioautographs. The radioaulographs shown in figures 1 and 2 were 
prepared by injecting Ga’^ as the lactate or citrate into rabbits and dogs at a dosage level 
of 0.5 niillicuries/kgm. body weight. The animals were killed twelve hours after injection 
and the bones removed and cleaned free of adhering ti.ssue. 

For the gross sections the bones were immediately mounted in quick sotting dental stone, 
and the mounting allowed to harden about twenty minutes. The mount was then sectioned 
in layers at least fifteen mm. thick using a fine toothed band saw. The sections after being 
smoothed and flattened on emery paper were suitable for mounting on the photographic 
film. A metal plate 5" x 7" was overlaid with paper and a section of single emulsion X-ray 
film was placed on this paper. Over the emulsion was laid a sheet of aluminum foil (.025 
mm.) and the mounted sections placed on the foil. The whole was bound tightly with 
scotch tape, wrapped in black paper and allowed to remain for three to four hours. The 
film was then removed and developed six minutes at 20°C. in X-ray film developer. 

The thin sections (fig. 1, c, fig. 2, c, d) were prepared by sectioning the fresh tissue by 
means of a diamond wheel or carborundum disc to a thickness of 2 mm. This section was 
dehydrated in absolute ethyl alcohol and attached with some suitable cement to a cork 
mounting. The specimen was then dry ground to about .05 mm., washed with alcohol 
dried, and placed in direct contact with the emulsion of a single emulsion X-ray film for 24 to 
48 hours. More details of the procedure will be given later (5). 

For the radioautographs shown in this report rabbits and t’oung dogs were used because 
of the case of handling and preparation. Other species offer no particular difficulties except 
when using small .animals, the bones tend to shatter on sectioning with a band saw. For 
these smaller specimens a thin emery wheel such as used for glass cutting has been found 
satisfactory. 

The radiogallium as administered was contained instable carrier galliuraso that at a lov^el 
of 0.5 mc/kgm. a total dosage of S mgm. Ga/kgm. resulted. This level of the radioactive 
isotope has produced no observable effects when administered to dogs or rabbits. Gallium 
may bo given as the lactate (4) intmvenously. When administered subcutancouslj’ the 
citrate is more satisfactory, particularly if some local anesthetic is used at the site of injec- 
tion. 


' The opinion.^ or conclusions eont.ained in this report are those of the authors. They 
arc not to bo construed as nece.ssarily reflecting the views or endorsement of the Aavy 
Department. 
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Results In figure 1 are sho\\Ti contact prints of the radioautographs pre- 
pared fiom iepiesentati\e skeletal tissues of the labbit As -will be seen m (a) 
the epiphyseal junction of the femur is clearly outlined This bone is fiom a 
young animal (1 5 kgm ) and indicates the selectiMty yith ^^hlch gallium is de- 
posited in those aieas of greatest osteogenic actnitj In grown animals there is 
also a depo-^ition in this general aiea but it takes place in a more diffuse manner 
throughout the trabecular bone In figuie 1 (c) (d) the deposition in the osteoid 
strucUue of the spine is demonstrated In (c)(f) the deposition in the peridonta 



Fig I Rvoio^-utographs of Sections of Skdlltai Tissues or Rabbit 


(a) lonpituclmal of fcmui, (b) oblique of femur (c) longitudinal of spine, (d) trans 
verse of spine, (e) thin section of mandible and incisor, (f) thick section of ni indiblc and 
mcisor 

tissues and tooth pulp is shown In these illusti ations the dentine appears only 
as black aieas, since this tissue does not absoib the gallium w ithin tw elve hours 
More detailed studies of the dental phases of the pioblem are to be reported (5) 
In figuie 2 (a) (b) the deposition of radiogallium is shown in the bones of a 
tw o months old dog (4 G kgm ) indicating again the rapidity with which gallium 
enters those areas of greatest osteogenic activity It should be noted that the 
entrj" of gallium into the cortical bone is here clearl} indicated, since the shaft of 
each long bone is easily obscr\ ed This obsen ation confirms the eai her finding, 
by chemical analysis, that the entry of gallium into cortical bone is an unusually 
dynamic piocess (1, 3) 
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The thin sections of bone (c) (d) produced radioautographs which give a more 
detailed picture of the site of deposition of the gallium in the ends of the long 
bones. In (d) the epiphj^seal line is clearly evident but some Ga is also deposited 
in the adjacent trabecular bone. The radioautograph (negative of these thin 
sections) is of sufficient detail to permit magnification at low power. The con- 
tact prints as seen here do not carry the detail this clearly. 

Discussion. In many classical experiments strontium has been shown to sub- 
stitute for or replace calcium in low calcium or rachitic diets. This process is 
one of moderate speed and depends in large degree on the usual body mechanisms 



Fig. 2. Radioautographs of Skeletal, Tissues of Dog and Rabbit 
(a) femur of dog, (b) articulated foreleg of dog, (c) (d) thin sections from long bones 
of rabbit. 

for the deposition of calcium. However, the speed of entry of gallium into corti- 
cal bone indicates that by the use of this element, we may open up new atTnues 
of approach to the study of bone metabolism, independent of the mechanisms 
responsible for calcium deposition. 

The most significant finding in this series of radioautographs is the rapiditj'' of 
deposition of gallium and marked radioactivity at that area of greatest osteo- 
genic activity, namety the epiphyseal junction in the young animal. On the 
basis of these findings a program for the study of the effect of radiogallium on 
osteogenic neoplasms has been initiated. This study will include effects on in- 
duced as well as spontaneous tumors. 





DEPOSITION OF G\LL1UM IN BONE 


227 


SUMMARl 

Radioautographs of bones of rabbits treated uith radiogaUium (Ga^*) 
strengthen the liypothesis that galluim is a useful tool for the study of bone 
metabolism Gallium is deposited throughout the osteoid tissues of the rabbit 
and dog It is especially concentrated at these areas of greatest osteogenic ac- 
tivity m the young animal, i e , the epiph3'’scal line 
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VASO- AND BRONCHODILATOR EFFECTS OF N-ISOPROPYL- 
NOREPINEPHRINE IN ISOLATED PERFUSED DOG LUNGS 
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Deparlmenl of Physiology, Edinburgh University 
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Evidence of the bronchodilator action of N-isopi'opyl-norephinephrine’’(pro- 
prietory names: Aludrin, Aleudrin, Aleudrine, Isuprel, Neo-Epinine, Neodrenal, 
Norisodrine) was first obtained from experiments on anesthetized dogs and 
guinea pigs (Konzett, 1,2). This finding has since been confirmed for the cat 
and for the guinea pig by other workers using the method designed by Konzett 
and Rossler (3) and other methods (Fromherz, 4; Lissak e( al, 5; Hamburger 
d al., 6; Lands d al., 7; Siegmund d al., 8; Marsh d al., 9). The action of N- 
isopropyl-norepinephrine (I-a in the following account) on the systemic blood 
pressure has also been investigated and it has been found to have a vasodepressor 
action due to peripheral vasodihtation (Konzett, 10; Lands cl cil., 7; Marsh 
d al., 9). Until now, however, no experiments have been carried out to show 
what its action may be on the lesser circulation. It has seemed advisable to 
investigate this question since the possible effects of the drug on the pulmonary 
blood vessels may be of importance in connection with its clinical use. Such 
an investigation can only be carried out under conditions which exclude cardiac 
and systemic effects, which otherwise may complicate measurements of re- 
sistance or capacity changes in the pulmonary vessels, since I-a has a strong stim- 
ulating action on the heart in addition to its vasodilator action (Konzett, 10; 
Domini, 11; Lissak d al., 5; Lands d al., 7; Marsh d al., 9). 

For this purpose the isolated perfused dog lungs may conveniently be em- 
ploj^ed. The preparation has the further advantage that either negatir^’e or 
positive pressure ventilation may be used. 

Methods. The experiments were carried out on isolated dog lungs perfused with blood. 
Tests wore made under three different conditions of experiment, each of which involved 
somewhat different procedures in the preparation. These were as follows; 

1. Isolated perfused lungs prepared according to a technique modified from that origi- 
nally described by Dalj^ (12) for h/acacus rhesus. Instead of defibrinating the blood, hep.a- 
rin was used as an anticoagulant, being given intravenously (2-3 cc. Roche Liquaomin) be- 
fore death as well as being added to the blood as it was shed (ca. 0.5 cc. per 100 cc. blood). 
A second modification was that the lungs and heart were removed from the chest after li- 
gation of all vascular connections to other structures. Having administered heparin to 
the animal before death it was not considered necessary to wash the pulmonary vessels 
with blood as a preliminary to perfusion. 

2. Isolated perfused lungs, the dissection of which was carried out sufficiently far on the 
living animal during choralose anaesthesia (0.1 gm./kgm.) so that the further stops neces- 
sary to start perfusion occupied only 1-2 minutes from the time that death occurred. Hep- 
arin was ag.ain used as an anticoagulant. The lungs were left in the thorax until after 
perfusion had been begun; they were then removed as perfusion continued and were trans- 

' British Council Scholar. 

228 



EFFECTS OF N-lSOrROP\L-NOREPINEPHRINE 


229 


ferred to the respiratory chamber The volume of blood required for perfusion m this 
and the previous method uas approximately 300 — 100 cc 
3 Separate perfusion of the right and left lungs to provide two preparations on which 
tests could be made independently The method was that described by Daly el al (13) 
and later modified by Hebb and Nimmo Smith (14) With this technique the volume of 
blood used for perfusing o ich lung was 300 cc , making a total of 600 cc for both circuits 
Results obtained with the three different methods of experiment did not differ from one 
another significantly 

Blood Circuit In all experiments the lungs were perfused through the pulmonary ar- 
tery by means of a Dale Schuster pump When the circuit w as closed, as w as the case w hen 
the first or second method w is used, the blood from the lungs was re collected through a 
cannula in the left auricle and icturncd to the venous reservoir from which the pump was 
fed In such experiments continuous records (ky mographic) w ere taken of (a) the pulmon 
ary arterial pre'ssure (P A p ) and (b) the venous reservoir volume (V R ) When an open 
circuit w as used, ami this w as obligaloiy w ith the separated isolated lungs (thn d method) , 
the blood returning from each lung was allov\cd to drip from the opened veins into a res 
ervoir w hich w as in turn connected to the pump from w Inch that lung w as fed In such ex 
peiimcnts the P A p butnottheVR wasiecordcd Records of the P A p weie obtained 
by means of a small tambour (Palmer) calibrated m cm of blood The venous rescrv oir 
volume was measured by means of a float recorder (Palmer) It should be noted that a 
rise or fall in the V R indic itcs an equal but opposite change of the lung blood volume (12) 
Ventilation The respiratory chamber when closed formed a rigid box winch, with the 
exception of the glass cover (scaled on tightly with Ingli melting point vaseline), was made 
of heavy aluminum A connection from the ehamuer led to a vacuum clc inor m order to 
produce i negative picssuie which for the purpose of ventiiition eoulcl be rhvthmically 
ibolished by means of a valve opening and closing at the rate of 12—13 times per minute 
ith this method of ventilation the tidal air v olumc (T A ) w as reconlcd on the ky mograph 
by means of a spirometer (350 cc capacity) In the case of the scpvi itcd pcifuscd lungs 
a pair of smaller spirometers (each 250 tc in cap icily) was used 
For positive pressure ventilation a Starling Ideal pump was employed By an arr vnge 
ment similar to that devised by Konzett and Rossler (3) the air w as delivered fi om the pump 
to the lungs at constant pressure (100—160 mm water) ind the excess volume not taken 
into the lungs measured by means of a piston rccordci Thus with bronchodilatation, the 
cxcuision of the piston recorder was diminished, the exeursion increased when broncho 
constriction occurred The appar itus was so arranged that it w as possible to change over 
quickly from negative to positive pressure ventilation and iicc lersa Wlicther negative 
or positive pressure ventilation w is used the results obtained were substantially the same 
Drugs were most frequently administered by injection into the blood inflow tubing, the 
volume of each injection v iried between 0 1 — 0 5 cc Occasionally drugs w cre prepared in 
the form of a spray (produced by a Collison inhaler, 8 1 oxygen per minute) and adininis 
tcied by inhalation When using this method a Sitbe Gorman two way vilve was attached 
to the trachea and the spray was administered from a rubber bag attached to the inspira- 
tory side of the valve This method was used only when the lungs were under negative 
pressure ventilation Measurements of the expiratory volume for one or two respiratory 
cycles could be made from time to time by connecting a spirometer to tht expuatory side 
of the valve 

Drugs tested were N isoprojjyl nortpincphnne sulphate (manufactured by C H Beoh 
ringer Sohn, Ingelheim a Rh ), epinephtinc (Paike Davis solution), histamine acid phos 
phate (BDH), pilocarpine HCl (HarkCi>s, Beaumont and Co , Edinbuigh), acetylcholine 
(Roche), ergotoxme ethanesulphonate (BDH), ergotamine and dihydroergotamme (San 
doz) 

Results Pulmonary lasomotor responses to N-tsopropyl norepinephrine 
I-a, in doses of 1 miciogm oi more, consistently caused a slight but definite fall 
in pulmonary arterial pressure (fig 1) The decrease m lesistance was some- 
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Fig 2 1 P L Doc, 14 9 kgm 

Comparison of the cITect of 1 microgm I a mil of 10 microgm epinephrine on T V and V R 
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times accompanied by a fall in the venous reseivoii’ volume indicating an in- 
crease in capacity of the blood vessels, but this response was not so regularly 
observed (figs. 1 and 2). These actions Avere in striking contrast to those of 


v-./Z 



Fig 3. I.P.L. Dog, 12.7 kgm. 

At A. .ind B. 2 microgm. I-.i, Cocaine (1 mgni.) and epinephrine (10 microgm.) having 
been administei ed betv een the tn o tests. 

epinephrine which over a wide range of doses (1-100 microgm.) alwaj^s pro- 
duced a rise in P.A.p. (figs. 1 and 2) and a fall in lung blood volume (fig. 1). 
The differences could be observed when equal doses of the two drugs were used 
(fig. 2) but they were still more marked if the doses were adjusted to have equal 
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broncliodilatoi actions (figs 1 and 2) ^^hen the amount of adrenaline was five 
to ten times th it of I-a 

The pidmonaiy lasomotoi icspon*;© to I-a was not significant!} altered by 
cocaine (fig 3) ox atropine It ma} ha\e been intensified by the administiation 
of ergotoxme or a related compound when the ofTcct of such administration 
had been to increase the peifusion picssurc much above its oiigmal lev el This 
consideration may apjily to the experiment illustrated in figs la and 4b In 
this ca‘«c I-a w as giv en not by injection into the blood but as an inhalation (spiay 
made of 1 per cent solution) In the first test (fig 4a) the inhalation was con 
tinned fox four ic&pnationS; then, aftei injection of dih} droergotamme (1 mgm ) 
which iax«cd the perfusion pre'^sure to an unusualh’- high level (from IS 9 to 23 9 
cm blood) a second and thud test for two and fifteen respirations, respectively, 
were applied Since we have not mcasincd the amount of diug which was 
taken up bv the lungs when it was given in this way and since the time of ex- 
posure in the three tests vaiied, the responses obtained cannot be assessed quan- 
titativ'ch It mav' be noted, liowev'ci, that the fall in PAp following the 
third inhalation was laiger than an} similai effect observed when la was in- 
jected into the blood sticam, even when the doses were incieased to 2(}-30 
times the threshold value This, we believe, was in pax t due to thehighpiessui'e 
at the time when the second and third inhalations were given, since we have 
noticed that the v asodcpressoi action of I-a xs geneiall} larger when the piessuie 
IS higher 

In no ease was theie cv idence that ergot o\inc oi its derivatives could suppiess 
or reverse the vasodilator action of I-a 

Bronchomoior responses to N isopropyl norepinephrine I-a caused broncho 
dilatation when given in doses of 1 microgm and upwards (figs 1 and 2) This 
response was observed both m untreated hmgs and in lungs in which broncho 
constiiction had alieady been induced by injection either of histamine or of 
parasympathetic drugs, including pilocarpine and acetjlcholmo The tidal air 
mcrea'jcs obtained with 1 microgm I-a were between 5 and 10 pei cent and per- 
sisted for at least five minutes 

When the bronchodilator actions of I-a and epinephrine weie compared 
during the fii st one or tw o hours of perfusion it w as found that I-a had the greater 
activit} , to pioduce an identical lesponse the do«;e of I-a roquiied was as little 
as one tenth the dose of epinephnne (fig 2) Raicly, the activity was only 
five times that of epinephrine The strongei bionchodilator action of I-a could 
also be mfeired from the fact that picparations which were insensitive to epi- 
nephime (10 microgm ) neveitheless responded to I a (1 microgm , see fig 1) 
When peifusion was piolonged for moie than one to two hours, epmephime 
quite frequently pioduced a diphasic lesponse m which bronchoconstriction, 
following a brief bronchodilatation, predominated (see also ref 13) Even 
undei these conditions I-a had a poweiful bionchodilatoi action AVe should 
like to emphasize here that I-a unlike epmephime did not, in oui expenments, 
show any evidence of bronchoconstrictor activity The broncliodilatoi effect 
of I-a was also observed when it was administered as an inhalation (spia} made 
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Fig. 4. I.P.L, Dog, 16.C kgm. 

a: Inhalation of I-a sprav (made from 1 percent solution) between arrows (four rcspira- 
tions) ■ • . 1 

b; Two similar tests made after administration of 1 mgm. dihydroergotajntne. At the 
first siftnal, inhalation for 2 respirations: at the second, inhalation for 15 respirations. 
Xoteitime = 10 seconds. 
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of 1 per cent solution). In one case the expiratory volume (equivalent to tidal 
air volume) was increased 10 per cent after four successive inhalations. 

Discussion. The present experiments are in agreement with those of Kon- 
zett (2) who found that in the anesthetized dog under positive pressure ven- 
tilation N-isopropyl-norepinephrine has a bronchodilator action approximately 
ten times stronger than that of epinephrine. The difference in activity of the 
two drugs is even greater when allowance is made for the higher molecular 
weight of I-a. This estimate of the activity of I-a in relation to that of epi- 
nephrine more nearly accords with clinical experience of the drug (Dautre- 
hande, 15; Charlier, 16) than do assays made on the perfused isolated guinea 
pig lungs, from which it has been found that I-a is approximately equal to epi- 
nephrine as a bronchodilator agent (Lands ct al., 7). This suggests that the 
dog lungs under either negative or positive pressure ventilation provide a more 
rebable means for the assay of bronchomotor drugs than do perfused guinea 
pig lungs. This conclusion is subject to the reservation that the assay carried 
out on the perfused dog lungs should be made during the first one to two hours 
of perfusion. 

A new fact which emerges from these experiments is that I-a has a pulmonary 
vasodilator action. This can be shown when the drug is given either by in- 
jection into the bloodstream or by inhalation of a spray through the airways. 
It cannot be assumed, without further evidence, that the drug would also have 
a dilator action on the lung vessels of the unanesthetized animal or that its total 
effect would be to reduce the pulmonary arterial pressure since the cardiac 
output may be simultaneously increased (Konzett, 10). Nevertheless the 
value of such an action is worth considering. In the first place a diminished 
resistance in the pulmonary vascular bed will reduce the load on the right heart. 
A second point relates to the observation that nstlimatics may have a low arterial 
blood oxygen (Verzar and Voegtlin, 17) which in most cases is immediately 
restored to normal by inhalation of I-a. It is possible that the rapidity with 
which this occurs is due to an improvement of blood flow through the lungs 
as well as to the strong bronchodilator effect of the drug. Both actions should 
improve the conditions for gas exchanges in the alveoli. In this connection 
it should be mentioned that the beneficial effect of aminophylline, especially 
in epinephrine-resistant asthmatics, has been attributed to its pulmonary vas- 
odilator action rather than to its relatively weak bronchodilator properties 
(Lehmann and Young, 18). On the other hand, in unoncsthetized dogs amino- 
phylline has been found to increase the pulmonary arterial pressure (Friedberg 
ei al., 19). This does not exclude pulmonary vasodilatation since the rise in 
P.A.p. may be due to an increased cardiac output which more than offsets a 
reduced resistance. Nevertheless the question concerning the importance of 
pulmonary vasodilatation remains unsettled and can only be satisfactorily 
answered when direct observations of pulmonary arterial pressure, cardiac 
output, and systemic blood pressure are made on asthmatic patients. 

The suggestion has been made that I-a may represent a substance which has 
only the inhibitory properties of sympathin and lacks its excitatory actions 
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(Lands el al., 7 ; Marsh et al., 9 ; Gilman, 20). Since I-a has a pronounced positive 
inotropic and positive chronotropic cardiac action and increases the blood sugar 
(Konzett, 10) we should prefer to regard it as having predominantly inhibitory 
epinephrine-like actions without being altogether devoid of e.\-citatory prop- 
erties. This is in agreement with the finding that in the cat the systemic vaso- 
depressor action of I-a can be reversed by pilocarpine and other parasympathetic 
substances (Fromherz, 21). Similarly the vasodepressor effect of epinephrine 
obtained either by giving small doses or by injection after ergotamine can be 
reversed in the same way by pilocarpine (Konzett, 22). Further, the vaso- 
depressor actions of I-a and epinephrine can be restored if, follovdng pilocar- 
pine, atropine is also given (Fromherz, 21; Konzett, 22). It would appear 
then that both I-a and epinephrine are amphotropic substances with inhibitory 
and excitatory properties. The fact that the direction of the response can be 
varied might be attributed either to changes in the sensitivity of any given 
group of receptor cells or to unmasldng of other receptor cells. 

SUMAIART 

1) In isolated, blood-perfused dog lungs, with either negative or positive 
pressure ventilation, N-isopropyl-norepinephrine causes pulmonary vasodilata- 
tion. Such responses are obtained when the drug is administered by intravascular 
injection or by inhalation of a spray. 

2) Cocaine, atropine, pilocarpine or ergotoxine (and related compounds) do 
not alter the direction of the response. 

3) Under all of the conditions of experimentation employed here, N-isopropyl- 
norepinephrine has a strong bronchodilator action, its activity usually being 
ten times greater than that of epinephrine. 
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The germicidal and fungicidal properties of diphenylmethane derivatives have 
been rather extensively studied (1-13). A search of the literature has failed to 
reveal, however, any investigation of the possible antibacterial effects of such 
compounds against tubercle bacilli. 

During routine screening of compovmds for antibacterial activity, a number of 
diphenylmethane derivatives were studied, certain of which have indicated ex- 
tremely high inhibitory action against Mycobacterium tuberculosis. These com- 
pounds appeared particularly interesting upon observation that their action 
was mainly bactericidal in nature. Of further interest was the relation exhibited 
between chemical structure and antibacterial property. 

Experimental. In vitro study. Data reported here were obtained with the No. 607 
avirulent strain of M. tuberculosis. All tests were carried out in Proskauer and Beck syn- 
thetic broth (pH 7.0), which was prepared in accordance with the modifications suggested 
by Youmans (14). 

A 4-day old culture of tubercle bacilli grown on Proskauer and Beck agar at 37°C. served 
as the source of inoculum, 0.1 mgm. of growth (moist weight) being inoculated onto the 
surface of 10 cc. of broth in 25 .\ ISO cm. test tubes. End-points were determined after 
three, five and seven days incubation. Where results permitted, two readings were made: 
(1) the concentration showing complete inhibition of growth, and (2) that concentration 
at which 60 per cent of control growth was present. Compounds showing complete in- 
hibition were tested for bactericidal properties by subculturing into 10 cc. of plain Proskauer 
and Beck broth, inoculating the largest amount of drug-broth possible (0.1 to 1.0 cc.) with- 
out introducing an inhibitory concentration per sc. All subcultures were incubated at 37 C. 
for seventeen days. 

Because of the low solubility of most of the derivatives, stock solutions wore prepared 
by dissolving the respective compounds in 95 per cent ethyl alcohol to a concentration of 
500 mgm. per cent. Subsequent dilutions were made aseptically in the test broth so that 
each compound was tested at a maximum of 4.0 mgm. per cent, with lower concentrations 
decreasing by halves. While controls on the diluent were included with each run, it w^ 
found in repeated tests that the concentration of ethyl alcohol in broth necessary to inhibit 
completely the test strain of M. tuberculosis was eight times that present in the initial tube 
of the dilution series. 

Toxicity study. Acute toxicities were determined in white mice (CFW) following oral 
administration of the compounds. Animals weighing 20 grams each were used throug out, 
and the respective derivative was suspended in 10 per cent gum acacia in concentration 
yielding the required dose in a volume of 0.5 cc. Food was withheld for si.xteen hours prior 
to dosing and for eight hours after. Water was freely allowed. Mice were observed for a 
period of seven days following dosage. Because of lack of an adequate method for the de- 
ternunation of diphenylmethane derivatives in body fluids, absorption studies were no 
attempted at this time. 
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Results. Data obtained with diphcnylmethane and 28 derivatives are sum- 
marized in table 1. Structure of the compounds has been included to facilitate 
correlation of chemical constitution with antibacterial activity and toxicity. 
All compounds effecting complete inhibition of growth proved bactericidal at 
the respective concentrations indicated. 

The parent compound (No. 1) showed no activity at 4.0 mgm. per cent. Sub- 
stitution of amino groups (No. 2) or chlorine atoms (No. 4) at the para positions, 
or hydroxy groups (No. 3) ortho to the methylene linkage produced only slight 
change in the degree of activity. On the other hand, substitution of either bro- 
mine (No. 5) or chlorine (No. G) in the 5,5'-positions, with hydroxy groups oc- 
cupying the 2,2'-positionB in each case, resulted in greatly increased antibacterial 
property; both derivatives inhibited growth completely at a concentration of 
0.25 mgm. per cent. A decided decrease in activity was apparent, however, 
upon the addition of a second hydroxy group to the ring (No. 9). Although 
substitution of an additional pair of chlorine atoms at the 3,3'-positions (No. 7) 
showed no advantage over the dichloro derivative (No. 6), the 3, 3', 5,5', G, 6'- 
hexachloro derivative (No. 8) manifested a four fold enhanced bactericidal activ- 
ity. Replacement of the 3,3'-chlorine atoms in No. 7 with iodine yielded a 
compound (No, 13) nith slightly better antibacterial ncthdty. Introduction 
of methyl groups (No, 10) in the 4,4'-positions of No. G produced a significant 
decrease in inhibitory action, as did the addition of a hydroxymethyl group in 
the 3-position (No. 11). A still further decrease in activity resulted with the 
3,3'-bis(hydroxymethyl) derivative (No. 12). With the exception of No. 21, 
all other derivatives containing both methyl and propyl substituents (Nos. 19, 
22, 23, and 24) were comparatively devoid of activity. Marked reduction in 
inhibitory action was also apparent as the result of replacement of the 5,5'- 
chlorine atoms with nitro (No. 10), arsono (No. 17), tert.-butyl (No. 18), or 
(erf.-amyl groups (No. 20). Substitution of a methyl group (No. 27) or phenyl 
group (No. 29) on the methylene linkage had little effect on activity. While 
chlorine in the 4,4'-positions (No. 4) of the parent compound produced some in- 
crease in activity, further substitution of a trichloromethyl group on the meth- 
ylene linkage (No. 28) appeared to nullify this effect, 4.0 mgm. per cent showing 
no inhibition whatever. 

Although acute toxicity tests were performed on only the most active of the 
derivatives, the results obtained offer sufficient information to justify several 
general conclusions. Considering single halogen substituents on the ring, bro- 
mine appeared less toxic than chlorine. No. 5 having an LDst of 2.0 gm./kgm., 
while 100 per cent mortality resulted with No. 6 at 1.5 gm./kgm. Both com- 
pounds, however, possessed equal antibacterial activity. Replacement of the 
halogens with a nitro group (No. IG) resulted in considerable decrease in toxicity, 
LDto greater than 4.0 gm./kgm., although activity was likewise markedly re- 
duced. Increasing the number of chlorine atoms on the ring was attended by an 
increase in toxicity, the LDso of No. 7 being 0.5 gm.Agm., with No. 8 producing 
50 per cent deaths at 0.08 gm./kgm. In this respect. No. 8 while being the most 
toxic was also the most active of the compounds against tubercle bacilli. 
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The toxic effects manifested by the presence of a single clilorine atom and 
hydroxy group on each ring (No. 6) were significantly reduced by the addition of 
a second hydroxy group (No. 9), a methyl group (No. 10), or a hydroxymethyl 
group (No. 11). Decrease in toxicity, nevertheless, was again accompanied by 
a decrease in antibacterial activity. Addition of iodine (No. 13), on the other 
hand, did not appreciably alter toxicity or activity. 

Replacement of a hydrogen atom on the methylene linkage with a methyl 
group (No. 27) or phenyl group (No. 29) resulted in greatly reduced toxicity, 
whereas activity against tubercle bacilli remained practically unchanged (com- 
pare No. 6). Inclusion of the 3-isopropyl and G-mcthyl groups yielded a com- 
poimd (No. 21) with much reduced toxicitj', LDeo of 4.0 gm./legm., and slightly 
better inhibitory action than No. C. While strong activity was maintained by 
conversion of No. G to its dicyclohexylaminc salt (No. 25), this derivative did 
not prove any less toxic. 

Discussion. Investigation of the present series of diphcnylmethane deriva- 
tives has indicated that activity of the parent compound against tubercle bacilli 
is essentially increased by nuclear halogen substitution. Furtlier enhancement 
of this activity resulted when both halogens and hydroxy groups were present. 
A particular feature of No. 21 seems worthy of mention in view of recent trends 
in tuberculosis therapy, namely, that a major portion of the molecule consists 
of chlorothymol. Caujolle, Franck and Hcynard (15) reported that metliyl, 
ethyl, propyl, isopropyl, butyl, isobutyl and benzyl ethers of thymol had a 
predilection for lung tissue following intravenous administration to dogs. Ac- 
cording to Perlman, Brown and Raiziss (1C) the subcutaneous administration of 
thymol to guinea pigs infected rvith a vindent bovine strain of M. tuhercxilom 
rendered the infection milder and increased longevity; in many cases it was im- 
possible to recover tubercle bacilli from the various organs. McBumey and 
co-workers (17, 18) studied the effect of oral administration of thymol in both 
experimentally induced tuberculosis and actual clinical cases. They concluded 
that this type of medication, especially in early recognized human pulmonary 
forms, was worthy of further investigation. 

In addition to its marked activity against tubercle bacilli, the iodine compoimd 
(No. 13) offers interesting possibilities for future study of iodo-derivatives, 
particularly in regard to the role reportedly played by iodine itself in the me- 
tabolism of the tubercle bacillus. Jobling and Petersen (19, 20) found that 
iodine could unite with the unsaturated fatty acids obtained from this organism, 
bringing about neutralization of their “ferment-inhibiting” properties. This 
action of iodine was also e.xerted on the ferment-inhibiting substances present in 
caseous matter. Emphasizing the importance of their observations in the search 
for an effective drug against tuberculosis, they believed that iodine may thus 
serve to facilitate solution and absorption of the caseous material, thereby 
e,xposing the bacilli to the action of the therapeutic agent. WTiile a number of 
attempts to treat tuberculosis with iodine and iodine compounds have not been 
too encouraging (21-29), it has lately been shown by AVoody and Avery (30) that 
the therapeutic effect of streptomycin against established tuberculosis in guinea 
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pigs could be significantly enhanced by the sinaultaneous administration of 
potassium iodide. Both in viiro and in vivo tests are now in progress to determine 
the actual value of these findings, and to ascertain whether iodine in the form 
existing in No. 13 may have any contributing effect in therapy of experimental 
tuberculosis. Investigation of the efficacy in vivo of other members of this series 
of compounds is likewise being made, the results of which will be reported else- 
where (31). 

Thirteen of the 29 compounds exhibited bactericidal action against tubercle 
bacilli at concentrations of 4.0 mgm. per cent and less. It might be of interest 
to mention that when tested with various species of bacteria, the diphenylmeth- 
ane derivatives showed much gz-eater activity against Gram-positive organisms 
than against Gram-negatives (32). Whereas 26 of the compounds were bacteri- 
cidal for the former type, only six were effective against Gram-negative species. 

SUMMARY 

1. Twenty-eight derivatives of diphenylmethane have been tested for anti- 
bacterial activity against tubercle bacilli. Thirteen of the compounds v'ere 
bactericidal at concentrations ranging from 0.063 to 4.0 mgm. per cent. 

2. An attempt has been made to correlate both activity and toxicity with 
chemical constitution. 

3. Activity, in general, appeared dependent upon halogen and hydroxy group 
substitution in the parent structure, and more particularly upon position. 

4. Bis(2-hydroxy-5-bromophenyl)methane completely inhibited growth of 
tubercle bacilli at 0.25 mgm. per cent, with an LDbo for mice of 2.0 gm./lcgm. 

The corresponding dichloro derivative was equally as active but twice as toxic. 
Compounds with other radicals in the 2,2'-5,5'-positions possessed only slight 
or no demonstrable inhibitoiy action, namely, 2,2'-dihydroxy-5,5'-dinitro; 2,2'- 
dihydroxy-5 , 5'-diarsono; 2 , 2'-dihydroxy-5 , 5'-di-feri. -butyl; 2 , 2'-dihydroxy- 
5,5'-di-<erL-amyl; and 2,2'-dimethyl-5,5'-di-isopropyl. 

5. Bis(2-hydroxy-3,5,G-trichlorophenyl)methane was the most active of 
the derivatives studied, effecting complete inhibition at 0.063 mgm. per cent. 
It was also, however, the most toxic, LDeo of 0.08 gm./lcgm. 
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The measurement of elemental arsenic in biological material is not a measure 
of the potential therapeutic activity of a phenylarsenoxide. It has been known 
since Ehrlich that the high parasiticidal activity of organic arsenicals depends on 
the bond betiveen aromatic carbon and metal, as well as on the nature of side 
chains on the aromatic ring. Thus, although Eagle (1) was able to show that 
arsenic as oxophenarsine hydrochloride was antispirochetal at dilution of 1 :3,- 
000,000 Magnuson and Raulston (2) are careful to point out that the finding of 
arsenic in tissues and particularly in plasma at this concentration, after adminis- 
tration of oxophenarsine, does not indicate that a true spirocheticidal level is 
present since the active component is not really being measured. 

Several attempts have been made to fill this gap. Using chemical and biologi- 
cal methods of assay in parallel, both Hawking (3) and Wright and Peters (4) 
found no correlation between the arsenic level in body fluids and the trj'panocidal 
titer of these fluids. Hawking worked chiefly with the pentavalent trypars- 
amide, but Wright and Peters used the trivalent oxophenarsine hydrochloride. 
The biological approach has the disadvantage of being only applicable to the 
organism studied, i.e., the above results would not necessarily apply to experi- 
mental or human syphilis. Secondly, these methods are entirely nonspecific, 
and tell nothing of chemical disposition of the drugs used. 

An earlier series of attempts to study the fate of arsenic in the body centered 
about arsphenamine. In 1922, two papers appeared describing a reaction for 
arsphenamine in urine (5, 6). In the follow'ing 3^ear, Kolls and Youmans (7) 
extended these methods to the direct determination of the o-aminophenol moiety 
of arsphenamine in blood, organs and urine. Their chemical methods were the 
starting point of the present study. 

This report deals Avith oxophenarsine hydrochloride (m-amino-p-hj’’dro.xy- 
phenylarsenoxide, HCl salt) and m-amino-p-carbamylphenylarsenoxide in the 
dog, by performing parallel determinations of total arsenic and aromatic amine 
on the same samples of plasma and urine, collected at vai^^dng intervals after the 
intravenous administration of drug. It seemed reasonable to assume that if the 
two determinations agreed in terms of the original molecule, the drug was present 
as such. (The alternative hypothesis, that the drug is split to an arsenic and to 
an amino moiety w'hich circulate and are excreted in equivalent amounts, 
appears remote.) However, oxidation or reduction of the arsenic, yielding the 
corresponding arsonic acid or arsenobenzene, cannot be ruled out, since in either 
of these cases the arsenic-amino relationship w'ould be that of the original arsen- 
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oxide. As with all colorimetric methods, the data here cannot be taken as 
ultimate proof of the identity of the compounds. Only their isolation would 
permit such a conclusion. The present evidence is therefore regarded as sug- 
gestive rather than final. 

Chemical methods. Oxophenarsine Hydrochloride: Deierminalion of o-amino- 
phenol moiety. Diazotized ortho-aminophcnols will not couple with amines to 
give a highly colored azo dye; thus, the Bratton and Marshall (8) procedure or 
modifications of it could not be used. As indicated above, the work of Kolls 
and Youmans on arsphenamino was applicable to the present problem, since the 
o-aminophenol group is common to arsphenaraine and oxophenarsine. To 
obtain greater accuracy and particularly to eliminate a “blank”, radical changes 
were made. The principle of the method is coupling of diazotized o-amino- 
phenols in alkaline solution with 1 ,3 dihydroxyphenols to yield a yellow-red dye. 
Of a large number of potential coupling agents tried, hexylresorcinol (1,3 
dihydroxy-4-hexylbenzene) was found to be the best from a standpoint of high 
color intensity and low blank value. Both of these factors are also dependent 
on the final pH, which is 9.8 in this procedure. 

This method does not determine arjd amino compounds ns such, i.e., sulfa- 
nilamide and m-aminophenylarsenoxide do not give the color. All o-amino- 
phenols tested, however, do give the reaction. This includes the parent o-amino- 
phenol, m-amino-p-hydroxyphenylarsonic acid and m-amino-p-hydro.vyben- 
zoio acid, methyl ester (orthoform). 

There is apparently an unknown substance in dog plasma and urine which 
enhances the absolute value of the color obtained in tliis reaction. This sub- 
stance appears to react with the diazonium compounds of o-aminophenols 
(including oxophenarsine hydrochloride) in acid solution to form a new complex 
which gives a deeper color with hexylresorcinol than do the diazo salts of 
o-aminophenols. Thus, the “absolute value” of the optical density of the final 
solution (known amount of o-aminophenol or oxophenarsine minus blank) is 
approximately 50 per cent higher for plasma than it is for aqueous solutions 
or dilute (1 : 100) urine. For plasma, this enliancement factor has been found to 
be constant, even from dog to dog. The blank was also quite constant, varying 
in optical density under these conditions between .118-.127, which is a variation 
of less than 0.5 micrograms. Nevertheless, a standard curve was always pre- 
pared from the plasma of each dog before each e.xperiment. Under the conditions 
described below, 10 micrograms of oxophenarsine hydrochloride added to plasma 
had an “absolute” optical density value of .200 (.325-.125), whereas this amount 
added to aqueous solutions or to dilute urine gave a value of .130 (.1S5-.055). 

This enhancement was ohseived when oxophenarsine was added either to 
plasma, or to filtrate of plasma prepared by trichloroacetic acid precipitation. 

Recovery experiments were done by comparing the values obtained in two 
types of experiments. In the first type, which simulated the conditions of 
actual practice, laiown amounts of oxophenarsine hydrochloride were added to 
plasma. In the second tjqie, the drug was added to the plasma filtrate. The 
difference in the values obtained represented loss of drug in the precipitation of 
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protein. This did not exceed 15 per cent, and replicate determinations of the 
first t3T)e gave, on the same plasma, agreement -within 5 per cent. 

Procedure for Plasma. Five cc. of plasma were added to 20 cc. of distilled water. Five 
cc. of 15 per cent trichloroacetic acid were added and the precipitate filtered through No. 12 
Whatman paper. To 20 cc. of the filtrate, 1 cc. of 0.1 per cent aqueous NaNOj was added. 
After 3 minutes, 10 cc. of 15 per cent NajCOj, and 1 cc. of 0.1 per cent hexylresorcinol in SO 
per cent ethanol were added. After 20 minutes the optical density was read in the Beck- 
mann spectrophotometer, at 500 millimicrons mth water as the standard. Barrel-shaped 
cuvettes, 100 mm. long, were used throughout. Optical density was converted into con- 
centration of oxophenarsine hydrochloride by reference to the standard curve constructed 
for the plasma of the same dog, using this identical procedure. 

Procedure for Urine. The procedure for urine is complicated by the fact that unlike its 
constant concentration in plasma, the “enhancement factor” in urine is variable. Two 
measures were used, one in the first three experiments reported, the other in the fourth e.x- 
periment, to minimize this variable. In the first three experiments urine flow and samples 
for the appropriate collection periods were taken on the day preceding the experiment. 
Standard curves for each of these periods were run. It was found that the degree of en- 
hancement was inversely related to the amount of urine flow, i.e., as the urine became more 
coaaeatrated, the concentration of interfering substance increased regularly. Thus for a 
particular dog and a particular urine flow, a standard was available. The blank, which 
also varied with urine flow, was of course a part of this standard. The second method is 
preferable, since the standardization is done directly on the urine sample to be analyzed. 
In this procedure the “blank" was obtained by running the reaction on the appropriately 
diluted urine, omitting the he.vylresorcinol. A slight correction may be added for the tinc- 
torial value of the hexylresorcinol , as determined separately. The slope of the standardiza- 
tion curve was obtained by running two additional reactions in which 5 micrograms, and 
10 miorograms of oxophenarsine were added to the diluted urine and optical density values 
were obtained for those two points. The O.D. difference between the points gave the 5 
microgram value, and since there is a linear relation between concentration and O.D., the 
slope of the curve was thus obtained. The diluted urine was then run, and the concentra- 
tion of oxophenarsine present was determined by reference to tbis curve. In practice, all 
four of these (“blank”, 5 and 10 micrograms, and unknown) were run simultaneously, in 
duplicate. ’ 

The chemical procedure for urine is identical to that for plasma. Urine was diluted 
200-1000-fold, and 20 cc. of this solution was added to 5 cc. of 15 per cent trichloroacetic 
acid. Succeeding steps are given above as for plasma. 

m-Amino-p-Cardamylphcni/larscnoxide; Uclenninalion of arylamine group. Procedure 
for plasma. This compound can be determined by the method of Bratton and hlarsball (8). 
A few minor changes were made. Four cc. of plasma were used, and 25 cc. of filtrate were 
taken for the reaction. Optical density was read 30 minutes after coupling, in 100 nun. cells 
in the Beckman spectrophotometer at 550 millimicrons. Optical density of the blank aver- 
aged .095, and that of 10 micrograms averaged ,245. 

Procedure for Urine. It had been observed previously (9) that there is a substance in 
dog urine which gives a blank in the Bratton-Marshall method. In sulfonamide studies 
this was not important since high dilution of urine (as 0.1-1 cc. of 1:100 urine) contained 
measurable amounts of sulfonamide in most experiments, and at this dilution the inter- 
ference is generally negligible. However, in the present work much smaller doses of drug 
were given and a smaller percentage of these excreted. Larger amounts of urine had to be 
used in the present work to obtain measurable drug. Therefore, it was necessary to use the 
blank value, to which amounts of the drug were found to be directly additive. The blank 
v.alue varied with concentration of urine, therefore the rate of urine flow was studied for 
each dog before the experiment began. Blank values corresponding to known urine flow 
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were recorded and used as n baseline for the actual determination. The difTercncc between 
known values and the blank was constant, no matter what tho urine How. 

Twenty cc. of urine diluted 200-1000-fold were added to 5 cc. of 16 per cent tficliloroacclic 
acid, and the color developed by the Bratton and Marshall procedure. The final color 
value was interpreted in terms of the blank found for the particular urine flow involved. 

Method Jor Total Arsenic. A modification (10) of the method of Magimson and Watson 
(11) was used. The color obtained in the final solution (made up to 30 cc.) was measured in 
100 ram. cells in the Beckman spectrophotometer, at 8-10 millimicrons. Blanks for plasma 
and urine had an optical density of .030-.OGO. Ten micrograros of oxophenarsine hydrochlo- 
ride (3 raicrograms of arsenic) gave an optical density of .310 while 10 micrograms of m- 
amino-p-carbarajlphenyjarsenoxide (3,3 micrograms of arsenic) gave an optical density of 
.350. 



Sensitiviti/ of Analytical Methods, The lower limit of all these methods is 
approximately one microgram in the final solution. Since 5 cc. of plasma were 
used, it was possible to determine as little as 0.2 microgram dioig per cc. plasma. 
For the diazo methods applied to urine the limits depend somewhat, as indicated 
above, on the concentration of the urine. One to two micrograms could be 
detected in 20 cc. of urine of dilution varying from 1:200 to 1:1000, depending 
on the urine flow. For total arsenic in urine, only the size of the sample dctei- 
mines the lower limit of sensitivity. 

In all but a few cases, duplicate determinations were done. Results that did 
not check within 10 per cent were repeated, or in one or tAvo cases where there 
was insufficient plasma to repeat, the reading was discarded. 
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Biological xiethods, and drugs. Adult female dogs were used. Thirty to 40 cc. of 
blood were withdrawn into potassium oxalate at each period. The blood was immediately 
centrifuged at about 2000 R.P.M. for 30 minutes. Plasma was then dra%vn off and duplicate 
determinations for the arylamino or the orthoaminophenol group were done at once. 
The remainder of the sample was set aside for arsenic determinations. 

Urine was collected by catheter, after which the bladder was washed with 10 cc. water. 
Food and water were withheld during the experiment. 

Commercial oxophenarsine hydrochloride (Parke, Davis-Mapharsen) was used, directly 
from the ampule, dissolved in distilled water. The m-amino-p-carbamylphenylarsenoxide 
was kindly supplied by Dr. G. 0. Doak. It was dissolved in a small excess of dilute sodium 
hydroxide. Both drugs were administered intravenously. 

Restjlts. Oxophenarsine Hydrochloride. Figure 1 shows concentration of 
drug in plasma following injection of oxophenarsine into four dogs, as estimated 
by the o-aminophenol and total arsenic reactions. It will be noticed that up to 
three hours the two sets of values are in close agreement. From three to twelve 
hours, a marked divergence is apparent; the o-aminophenol moiety is rapidly 
disappearing whereas arsenic remains relatively constant. After twelve hours, 
the o-aminophenol constituent has entirely disappeared (less than 0.2 micro- 
grams/cc. as oxophenarsine) but the arsenic level is maintained at about 1 
microgram per cc. for at least 48 hours. 

Table 1 shows the cumulative urinary excretion for these experiments. The 
dissociation of o-arainophenol from the arsenic is indicated by the increase in 
the ratio of OAP/As in the urine. Taking all values, this is 1.3 for the first 3 
hours, 1.7 for the next 6 hours, and 1.7 for the 12-48 hour period. Thus, in 
agreement with its rapid disappearance from plasma, more o-aminophenol than 
arsenic appears in the urine, and this discrepancy is particularly striking after 
the third hour. 

xQ.-Amino-p~carbamylphenylarsenoxide. Figure 2 shows that concentration of 
arsenic and arylamino group agree closely up to 12 hours in one case and 24 hours 
in the other. Table 2 shows that these constitutents also closely parallel each 
other in urine. The arylamino/arsenic ratio never deviated from 1 by more than 
12 per cent, which is the order of magnitude of analytical error. In striking 
contrast to oxophenarsine, therefore, this compound appears to circulate as such 
for 12-24 hours. The possibility of oxidation to the corresponding arsonic 
acid, however, has not been excluded. 

Discussion. These results suggest that after intravenous injection of 
oxophenarsine into dogs, the drug does not circulate as such for more than three 
to six hours. On the other hand, a closely related phenylarsenoxide containing 
a P-CONH 2 instead of a p-OH group has greater stability and may exist as such 
for 24 hours. In the case of oxophenarsine, the observed facts are consistent 
with the hypothesis that the arsenic-carbon bond is cleaved and that the resulting 
fractions are o-aminophenol and As^Oj or As-Os- Chemically, this cleavage has 
been accomplished, and o-aminophenol and arsenious oxide isolated (13). The 
formation of inorganic arsenic would explain the results of Wright and Peters 
(4) and those communicated to the present author by Banks (14). In those 
experiments, using rats, it was found that six hours after injection of oxophenar- 
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TABLE 1 

Cumulative unnary excretion of arsenic and o-aminopkenol moiety in dogs after re- 
ceiving oxophenarsinc, 6 mgm./kgm. 



Fio, 2. Plasma concentrations of arylamino and arsenic moities following intravenous 
administration of m-amino-p-carbamylplienylarsenoxido to dogs. Expt. 6, 6 mgm./kgm.; 
Expt. 6, 10 xngm.AeQi* 

The figure at each point is the experiment number, and corresponds to the experiments 
reported in table 2 for urinary excretion. 

TABLE 2 

Cumulative urinary excretion of arsenic and arylamino moiety in dogs after receiving 
m-amino~p-carbamylphenylarsenoxide 


% or AOUenSTEtED DOSE. A5 A15EN1C AXD ABYLAUINO BEACHOX 


TIKE j 

ExperuiiEDt 5 

6 ngm./LEm' | 

Experiment 6 

10 iiigm /kgm. 

its 

R.\n, 

/U 

R.VH* 

hr. 





1 

4.5 

4,6 

4.4 

5.3 

3 

5.7 

4.C- C.l* 

6.4 

7.3 

6 

6.8 

4.6- 7.1* 

8.1 

9.3 

12 

8.2 

4.G- 8.6* 

9.6 

10.3 

24 

9.4 

4.7-11.7* 




* In these urine samples, as analyzed, there was less reacting substance than could be 
measured by the Bratton-Marshall reaction. The figure given is the lowest amount that 
would escape detection, i.c., this is the greatest amount that could have been present. 
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sine the trypanocidal titer of the plasma decreased, although arsenic levels were 
maintained or increased. Inorganic arsenic has far less antiparasitic effect than 
do the phenylarsenoxides. The link between the aromatic ring and arsenic is 
essential for therapeutic utility in infectious diseases. Organic or inorganic 
arsenic may be bound to thiol proteins in vivo (16, 17); binding of the intact 
oxophenarsine to a dithiol, however, does not eliminate its trypanocidal action 
(18). The more significant detoxification and loss of activity may therefore be 
that associated with rupture of the arsenic-carbon bond. 

It should be mentioned, however, that Crawford and Lewy (15) found no 
evidence that unsubstituted phenylarsenoxide w'as degraded to or AsiOs 
in the rabbit. In a careful study of phenylarsenoxide, they found that 50 per 
cent was o.xidized to the corresponding arsonic acid, and that the remainder 
could not be accounted for. 

Whatever the alteration is, the present work indicates that oxophenarsine is 
not stable in the dog. It is probable that it is converted into a compound or 
compounds that are less active therapeutically than the parent. 

If m-amino-p-carbamylphenylarsenoxide is less rapidly destroyed in the body 
than oxophenarsine, it may be of interest to reconsider the use of this com- 
pound in syphilis as an adjunct to penicillin. Its toxicity and therapeutic 
activity in T. 'pallidum in rabbits is approximately the same as that of oxophenar- 
sine (19), and the pharmacological difference indicated here could conceivably 
be of therapeutic advantage in man. Eagle has shown that the antispirochetal 
efficacy of metallic compounds increases as exposure to the organism is prolonged 
(20). If concentrations in urine and plasma are indicative, the substitution of a 
p-CONHa for a p-OH group in oxophenarsine would considerably extend the 
period of exposure following single injection. If this resulted in a shortening of 
the dosage schedule (that for oxophenarsine is 26 weeks) and reduction of the 
total drug administered, it would be of considerable practical value. 

Side chains in the series of phenylarsenoxides have, in the past, been shown to 
lend specificity to the treatment of experimental and human infections. This is 
the basis for the use of the p-(CHi) 5 COOH derivative in trypanosomiasis (21), 
and the p-CONH- compound in filariasis (22). The present study suggests that 
side chains are also involved in the stability of these compoimds in vivo. 

SOJIMARY 

1. A colorimetric method for the determination of o-aminophenols has been 
described. This has been applied to plasma and urine to determine the o-amino- 
phenol component after the administration of oxophenarsine to dogs. Parallel 
determinations of the arsenic content were performed. 

2. Oxophenarsine was found to be relatively unstable in the dog, existing as 
such for only three to six hours. 

3. Similar studies were carried out for m-amino-p-carbamylphenylarsenoxide, 
using determinations of arylamino group and arsenic. The results suggest 
that this compound is relatively stable, and may circulate as such for 12-24 
hours. 
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Until recently it has been assumed generally that the therapeutic effectiveness 
of the penicillins depends upon their administration in such a -way that contacts 
between drug and invading organisms are constantly maintained. This assump- 
tion coupled ndth knowledge of the rapid elimination of the penicillins has domi- 
nated ideas on the practical use of these substances. Thus all major schemes of 
treatment, which have been favored since inception of penicillin therapy,^ seem 
to have been designed with the objective of continually maintaining the plasma 
or serum concentrations of these antibiotics at or above levels which are known 
to inhibit growth of the invading organisms. 

As jMarshall (1) has pointed out, examination of the background of the above 
concept shows that it has been conditioned more by precepts accepted in the 
field of sulfonamide therapy than by established fact. Certainly, there have 
been few clinical data which would support the belief that the effectiveness of 
penicillin therapy is dependent upon the continued maintenance of inhibitoiy 
concentrations of these antibiotics in blood plasma. Evidence in apparent op- 
position to this belief was available as early as 1944 and 1945. At that time, 
studies by Tillett and co-workers (2, 3) with rather crude preparations of the 
penicillins indicated that pneumococcal lobar pneumonia co\ild be treated satis- 
factorily with widely spaced doses of these drugs — doses which could not have 
maintained inhibitory concentrations of the penicillins in the body fluids through- 
out the treatment inten'^als. More recently, reports (“t-S) dealing with a variety 
of human infections have proved the efficacy of 12- to 24-hourly administration 
of aqueous solutions of highly purified sodium penicillin G. 

Although the above findings refute the belief that the constant presence of 
critical concentrations of the penicillins is essential to satisfactory therapeutic 
responses, the data currently available do not permit definite conclusions on the 
relatir'e merits of frequent and widelj’’ spaced treatments. Since, for obvious 
reasons, it may be extremely difficult to reach such conclusions through studies 
in severely ill patients, where data would be most significant, studies on the 
effectiveness of various dosage regimes against infections in experimental am- 
mals are especially valuable. Several such studies (9-13) have alreadj'' been 
made but have pelded apparently conflicting results. Although there are some 
ob\'ious differences in the experimental techniques used in these studies and 

' This work was supported in part by the Parke G. Smith Urology Fund. 

* These include in chronologioal order continuous intravenous infusion, intramuscular 
injections at intervals of two to four hours, administration of repository preparations at 
less frequent intervals, and blocking of renal clearance with agents such as caronamide. 
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some of the supporting data are meager (12, 13), there appears to be no simple 
explanation for their divergent findings. The question of the influence of the 
frequency of administration on the therapeutic effectiveness of the penicillins 
certainly requires more comprehensive investigation. 

Studies on the relationship betiveen the therapeutic effectiveness of penicillin 
G and the dosage regimen were initiated in this laboratory in November 1917. 
The tjqie of infection selected for this work was the rapidly developing, wide^’ 
disseminated disease which follows intraperitoneal inoculation -nith pneumo- 
cocci. The rat was selected as the experimental animal with the idea of later 
studjdng in this same host the dosage regimen-therapeutic effect relations wliich 
prevail in the more slowly developing, comparatively localized lobar pneumonia. 
The results of the studies on the rapidly developing, generalized infection are 
reported here. 


EXPEnniENTAL 

A, Effccliveness of different dosage regimes: 

Methods. Male rats, Sprague-Dawley strmn, were used in this study. The animals 
were seven to nine weeks old at the time of inoculation and ranged in weight from 125 to 
180 grams. 

The McGovern strain of type I pneumococcus was used ns the infecting organism. This 
strain has well stabilized characteristics, having been passaged through normal mice either 
daily or on alternate daj's for more than ten years. The virulence of this strain for the rat 
was determined repeatedly during the course of the present study. On each occasion, 
intraperitoneal inoculation with one to five organisms produced uniformly fatal infections, 
death occurring wdthin 20 to 48 hours. The inocula employed in the therapeutic ovperi* 
ments were obtained through suitable dilution in infusion broth of 8*hour subcultures 
prepared from routine mouse passage cultures. All inoculations were made via the intra- 
peritoneal route, using 1.0 cc. of a 10"* dilution of the above subculture. These inocula, 
which contained from 1,000 to 15,000 pneumococci, proved fatal to all 266 untreated control 
rata, the average survival time being 29 hours, S.D. ± 4.04. 

The crj'stalline sodium salt of penicillin G was used in all but one series of therapeutic 
experiments. This material, of a single lot, was obtained from the Commercial Solvents 
Company, and had a stated potency of 1620 units/rngm. Insofar ns could be determined 
by systematic comparisons in tbe infected rat, tbe therapeutic activity of this preparation 
was identical with that of a reference sample of sodium penicillin G provided by the Anti- 
biotics Study Section of the U. S. Public Health Service. This reference lot, No. 2846 C, 
contained more than 99 per cent sodium penicillin G according to Craig counter-current 
distribution analysis and had a potency of 1667 units/mgm.* In one series of experiments, 
procaine penicillin G was employed as the therapeutic agent. The preparation used, 
Crysticillin, E. R. Squibb and Sons, was also of one lot. The dose of this material was 
calculated in terms of sodium penicillin G equivalent, assuming that the penicillin G 
content of the procaine penicillin was correct as stated. 

Throughout this investigation, therapy was initiated four hours after intraperitoneal 
inoculation. Astudy with some 80 untreated control rats demonstrated that blood cultures 
were uniformly positive at this time and that the bacteremias ranged from 2,000 to 80,000 
orgauisms/cc. Thus a widely disseminated infection was present at the time therapy was 
started. 

* Information on the purity and activity of the reference sample of sodium penicillin G 
was provided through the courtesy of Dr. Gordon Seeger, National Institutes of Health, 
Bethesda, Maryland. 
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Nine different dosage schedules were emplos'ed in the experiments with sodium penicillin 
G, four of short duration, five of longer duration. Treatments of short duration included 
a single dose schedule and three schedules of 2 doses separated by 2, 4, or S houra. The 
regimens of longer duration, such as might be encountered in clinical practice, covered the 
equivalent of four daj's and included 48, 24, 12, 8, and 4 doses at 2-, 4-, 8-, 12-, and 24-hour 
intervals, respectively. In the experiments with procaine penicillin G, four doses were 
administered at 24-hour intervals. In all cases, the appropriate amount of penicillin, 
dissolved or suspended in 0.25 cc. of sterile 0.85 per cent saline, was injected into the thigh 
muscles of the rear leg. 

Rats which did not succumb to the infection were kept under observation for 21 days. 
Necropsies and cultures of heart blood were made on representative animals which died 
after end of treatment. In selected cases, cultures of tail blood were prepared in the 
interim between the termination of therapy and the end of the observation period. When- 
ever accumulations of pus or fluid were noted in the abdominal and thoracic cavities, or 
whenever there was evidence of meningitis, cultures of the e.xudate or spinal fluid were 
prepared and studied. 


TABLE 1 


Reproducibilitij of results in different experiments with sodium penicillin G 




NO. subvivoss/no. bais intected 

DOSAGE ZEGIME 

1 

DATE or 
EXPEgntEWT 

Total dose sodium penicUHn G — msm./kgm. 
body weight 



4 

8 

16 

12 doses at 8-hour intervals 

4-20-48 

1/24 

9/24 



5-4 -48 

3/24 

6/24 

19/24 


8-3 -48 



19/24 

24 doses at 4-hour intervals 

6-8 -48 


5/24 

1 24/24 


6-15-48 


9/24 

! 24/24 


! 9-7 -48 


1 9/24 

1 24/24 


The procedures used in assessing the effectiveness of various dosage regimes were briefly 
as follows. Preliminary experiments were carried out with each dosage schedule, using 
six rats for each of some six to ten doses of penicillin. Depending upon the results of this 
experiment, a series of four or five doses was selected which for a given treatment regime 
would be expected to afford from 20 to 100 per cent protection. Then a major experiment 
was performed, involving from 90 to 104 rats with at least 8 untreated control animals and 
4 or 5 groups of 16 to 24 rats treated with the range of penicillin doses indicated above. 
With almost every dosage schedule, supplementary e.xperiments were carried out with doses 
of penicillin which appeared to offer between 30 and 80 per cent protection. The data 
presented in the following section of this report include the results of the original major 
experiment and ail supplementary tests. 

Since it was not practical to work with all different dosage regimes at one time, attention 
should be called to the reproducibility of results when the same dosage regime was used at 
different times. Representative data for two dosage regimes, presented in table 1, show 
that remarkably similar results were obtained when the same doses of drug were employed 
in different experiments. 

Resitlts. Table 2 summarizes the data obtained -with the -I’-arious dosage 
regimes of penicillin G. The data presented in the upper section of this table 



TABLE 2 


The infiucncc oj ihe dosage regimen on the therapeutic activUu of penicillin 0 


! 

jra. or Dosfs a.vd oosace 

DOSE or SOOJCU PEKI- 

CUIIN G, UGU./ECU. 

BODV n-ErCBT 1 

KO. SOXVI* 

vobs/ko< 

1 

sersn- 

1 

avtbace 
S usnvAt 1 

EDjj Ain> sr<Ni>- 

APPEOXI- 

i:rn:avAL* 

Total 

ladindual 

treatme&t 

SATS XN- 
rCCTEO 

VOKS 

or BATS ! 
THAT DIED j 

ASD EUOKf 

UATC EDist 

i 


Therapy with sodium pcnicilHs G— short duration 






/if cent 

hours 

mimjkgm, \ 

ntm./iim. 

Single dose 

S 

8 

4/46 

9 

61 




16 

16 

7/46 

15 

51 

\ 48 zk ll.G 

>128 


32 

32 

21/40 

46 

52 




64 

64 

j 25/46 

54 

55 




12S 

12S 

16/24 

67 

77 



2 doses at 2-hour 


2 

5/24 

21 

56 



intervals 

8 

4 

13/48 

27 

63 




16 

8 

13/24 

54 

73 

16 =b 2.8 

64 


32 

16 

17/24 

71 

89 




64 

j 32 

23/24 

06 

72 



2 doses at 4>hour 

2 

1 

0/21 

25 

82 

1 


intervals 

4 

2 

28/48 

58 



8 


8 

4 

22/24 

02 

GO 




16 

8 

21/24 

88 

72 




32 

IG 

24/24 

100 

— 



2 doses at S^bour 

16 

s 

9/48 

19 ' 

63 



intervals 

32 

IG 

7/48 

15 

CG 




04 

32 

15/24 

C3 

, 67 


255 


123 

04 

18/24 


74 ; 

1 



256 

128 1 

23/24 

1 

OG 

72 

1 
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TABLE 2 — Continued 


I 

NO. OF DOSES AND DOSAGE 

DOSE OF SODinjI PEKI-j 
OLUU G, aou./Jtcii. 
BODy TOIGHI I 

i 

NO. suavi- 
vobs/ko. 

stntvi- 

A%'EEAGE 

SURVIVAI. 

ED,J AKD SIAKD- 

APFBOXl- 

IXTEEVAI,* 

1 

1 

i Total 

Individual 

treatment 

BATS IN- 
FECTED 

VOBS 

OF HATS 
TEAT DIED 

ARD EKEORt 

IL^TE ED|5{ 

i 





i 

1 

per cent 

hours 

mtm./kim. 

nsrr../k(m. 

4 doses at 24-hour 

16 

4 

5/48 i 

11 ; 

164 



intervals 

32 

S 

9/70 

13 

174 




64 j 

16 

1/60 

2 

198 

175 i 26 i 

>256 


12S 

32 

26/72 

36 

216 




256 

64 

46/72 

64 

204 

1 




Therapy with procaine penicillia G — 4 days duration 


4 doses at 24-hour 
intervals 

16 

32 

64 

128 

4 

8 

16 

32 

5/32 

18/56 

40/56 

24/24 

16 

32 

71 

100 

102 

163 

207 

44 ± 5.6 

1 

128 

Untreated controls 

1 

— 1 


0/266 1 

» 

29 

— 

— 


• In all dosage regimes, the first dose of penicillin G was administered 4 hours afterin- 
fection. 

t Calculations according to method of Litchfield and Pertig (14) as modified by Miller 
and Tainter (15). 

t Approximated from raw data as lowest dose curing 90 per cent or more of the animals, 

show clearly that, ivith treatment limited to a brief period, two doses of sodium 
penicillin G administered four hours apart gave considerably better results than 
a single dose of drug or two doses separated by an interv'al of two or eight hours. 
The EDso values for the regimes, indicated above were 4, 48, 16, and 56 mgm,/ 
kgm., respectively, while the approximate EDso values were S, > 12S, 64, and 
256 mgm./kgm. From these data it is also clear that two doses administered 
two hours apart were more effective than two doses separated bj' an 8-hour in- 
terval. The latter regime was in no significant way superior to a single dose of 
dmg. 

With treatment of longer duration, covering a 4-day period, 2-, 4-, or S-hourl 3 ’’ 
administration of sodium penicillin G proved strikingly more effective than ad- 
ministration at 12- or 24-hour intervals. As judged by the total doses required 
for both 50 and 90 per cent protection, best results were obtained when penicillin 
G was administered at intervals of two or four hours. These two regimes were 
equal in effectiveness in all respects, the EDso, and EDso, being 10 and 16 mgm./ 
kgm., respectively. Repeated treatments at 8-hour intervals were onij' slightlj’’ 
less effective than treatments at two and four hours. The EDso on the 8-hour 
regime was the same as EDoo, for the 2- and 4-hour treatments; however, the 
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EDso on the 8-hour schedule was somewhat greater. IVhen the intervals be- 
tween treatments were extended to 12 or 24 hours, the effectiveness of sodium 
penicillin G therapy decreased markedly. On these regimes the EDsoi were 80 
and 175 mgm./kgm., respectively, while the approximate EDjo, were consider- 
ably in excess of 128 and 256 mgm./lvgm. When the treatments, administered 
over a 9G-hour period, were separated by intervals of 24 hours, curative results 
were no better than when J of this total dose was given in a single treatment. 
However, the multiple doses did prolong life to a significantly grea,ter degree. 

It should also be mentioned that the slopes of the dosage response curves were 
considerably steeper when treatments were administered at 2- or 4-hour inter- 
vals than when given at less frequent intervals. Thus there was a progressive 
spread between the doses required for 50 and 90 per cent protection as the treat- 
ment interval increased from 4 to 24 hours. 

Data on the effectiveness of treatment with procaine penicillin G, presented 
in the lower section of table 2, show clearly that this slowly absorbed prepara- 
tion, administered at intervals of 24 hours, was much less effective than the more 
rapidly absorbed sodium penicillin administered at intervals of 2, 4, or 8 hours. 
However, treatment with procaine penicillin at 24-hourly periods was consider- 
ably more effective than treatment with the sodium salt at intervals of 12 or 24 
hours. 

Special attention should be drawn to the clinical courses of the disease in in- 
fections which were not cured by the different treatment regimes. Where 
therapy was of short duration, animats were outwardly in excellent health for a 
period of 24 to 48 hours after the last treatment. Their fur then became ruffled, 
generalized weakness developed, and death with an overwhelming bacteremia 
followed within another 24 hours. From the onset of symptoms until death, 
the clinical course in these rats was much like that of untreated controls. 

Some of the rats scheduled for 4-day treatment with nenicillin died durinc 
the period of therapy or shortly thereafter. In these cases, illness was usually 
apparent within 24 hours after inoculation; thereafter, the animals exhibited a 
steadily downhill course with a gradually increasing bacteremia. Other rats, 
which received subcurative doses of penicillin for four days, died many days 
after the end of treatment, exliibiting an entirely different chnical course from 
that just described. Such animals were outwardly in excellent health and had 
negative blood cultures at the end of treatment. Two to eight days later a 
remarkable series of reactions occurred. Some animals developed meningitis 
and remained in coma for nearly a week before succumbing; others developed 
large walled-off intra-abdominal accumulations of purulent fluid containing in- 
numerable pneumococci. At times more than one such abscess was present 
in the same animal. Other rats exhibited a verj' gradual downhill course with- 
out any of the symptoms mentioned above; necropsies invariably revealed ex- 
tensive accumulations of purulent fluid within the pericardium or pleural cavity. 
This fluid, like that in the abdomen, contained innumerable pneumococci. 
Cultures, prepared from the tail blood of representative rats exhibiting the above 
syndromes, indicated that pneumococci were present in the blood from the onset 
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of symptoms. Except in the terminal stages, however, the bacteremias were 
comparatively lo-w. The sequence of events in such animals suggests that a 
humoral immunity to the organism, acquired during penicillin therapy, sufficed 
to prevent development of an overwhelming generalized infection but could not 
prevent growth of pneumococci in isolated regions. 

The incidence of the above complications was not related to a particular dosage 
regime and was essentially the same among all rats which survived 4-daytreat- 
ment schedules but succumbed late in the post-treatment observation period. 

B. Concmiraiions of “penicillin” in plasma during the various dosage regimes: 

Methods. In order to evaluate more critically the data presented in the preceding 
section, studies were made of the concentrations of "penicillin” (bacteriostatic substances) 


TABLE 3 


Concentrations of “penicillin” in plasma following administration of EDsos obtained for 

various dosage regimes 


mcROGit. *‘pEjaai,i.iN’Vcc. ptASitA 


HOUES APTER 
TEZAnCENT 


Equivalent dose of sodium pemcillin G— mgm./kgm. body Trcigbt 


1 

0.25* 

0.S* 

1.0’ 

12* 

64* 

12t 

i 

0.12 

0.12 

0.24 

7.68 

30.72 

3.84 

i 

0.06 

0.06 

0.12 

3.84 

15.36 

1.92 

1 

0.03 

0.03 

0.06 

0.48 

7.68 

1.92 

2 

<0.015 

<0.015 

<0.015 

0.12 

0.96 

0.96 

4 


<0.015 

<0.015 

<0.015 

' 0.03 

0.48 

6 



<0.015 

<0.015 

<0.015 

0.12 

8 



<0.015 

<0.015 

<0.015 

<0.016 

12 




<0.015 

<0.015 

<0.015 

24 

1 


1 

1 


<0.015 

<0.015 


* Amounts of sodium penicillin G corresponding respectively to EDjot for 2-, 4-, 8-, 12-, 
and 24-bourly regimes. 

t Amount of procaine penicillin G (equivalent to sodium salt) corresponding to EDio 
for 24-hourly regime. 


which were present in blood plasma at various intervals following administration, via the 
different dosage regimes, of equally effective amounts of sodium or procaine penicillin G. 
The doses selected for this experiment were the individual treatment fractions of total doses 
which, according to the data in table 2, provided 50 per cent protection (EDso). Each of 
the doses (0.25, 0.5, 1, 12, and 64 mgm./kgm. for the 2-, 4-, S-, 12-, and 24-hourIy schedules 
with sodium penicillin G, and 12 mgm./kgm. for the 24-hourly regime with procaine peni- 
cillin) was administered intramuscularly to a group of ten rats, males, 9 to 10 weeks old, 
weighing ISO to 220 gm. Heart blood samples, 0.5 cc., were obtained from each animal 
within a group at intervals ranging from i to 24 hours after administration of penicillin. 
These samples, treated with heparin, were pooled and centrifuged immediately after col- 
lection. The resulting plasma was assayed for “penicillin” content by a slight modifica- 
tion of the method of Rammelkamp (16), using the C-203 stain of streptococcus as the test 
organism. Assays were run in duplicate; in most instances, e.xperiments with pven doses 
were perfonned twice. It should be noted here that the least quantity of penicillin G 
which could be measured was 0.015 microgm. (0.025 umts)/cc. of plasma, also that the 
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activity of pcniciilin G was not inhibited by the concentrations of rat piasma enipioyed in 
this assay procedure. 

Results. The data obtained in the above experiments, summarized in table 3, 
confirm the well-known facts that the height of the “penicillin” level in plasma 
is directly related to the dose of drug and that peak levels are attained within 
i to 2 hour after intramuscular administration of sodium penicillin. 

It is noteworthy that none of the doses, which provided 50 per cent protection 
against pneumococcal infection, maintained measurable amounts of "penicillin” 
in plasma throughout the intervals between treatments. Measurable levels 
were present only one hour after administration of sodium pcniciilin G in doses of 
0.25, 0.5, and 1.0 mgm./kgm., the amounts which proved effective on the 2-, 4-, 
and 8-hourly dosage schedules. The dose which was effective on the 12-hourly 
schedule provided measurable levels for only two hours, while the 24-hourly dose 
gave measurable levels for four hours. Procaine pcniciilin produced better 
sustained levels than the same dose of sodium penicillin but, even with this 
“long acting” preparation, measurable concentrations were present for only six 
hours. 

It is important to note that in any one of the so-called effective dosage regimes 
there was a considerable portion of the dosage inten'al in which the concentra- 
tion of penicillin in plasma was below the level which would inliibit the growth 
of the McGovern strain of pneumococcus.' These “penicillin-free" periods were 
respectively 1, 3, 7, 10, and 20 hours on the 2-, 4-, 8-, 12-, and 24-hourly schedules 
with sodium penicillin, and 18 hours on the 24-hourly schedule with procaine 
penicillin. 

Discussion. The data in this report show conclusively that cure of a high 
proportion of fulminating pneumococcal infections can be accomplished by ad- 
ministration of sodium penicillin G at either frequently spaced or widelj’ spaced 
intervals. It is equally clear that, from a quantitative point of view, the effec- 
tiveness of this antibioticis related to the frequency with which the drug is ad- 
ministered. The optimum treatment interval is determined to some extent, 
however, by the duration of therapy. Thus when sodium penicillin G was ad- 
ministered for a very brief period (eight hours or less) two doses, four hours 
apart, provided optimum results and gave significantly greater protection than 
two doses at intervals of tivo or eight hours. On the other hand, with a treat- 
ment period of approximately 96 hours, comparable to what, is frequently em- 
ployed in clinical practice, 2-, 4-, and 8-hour dosage schedules were essentially 
equal in effectiveness. Each of these regimes was eight times as effective as a 
12-hour schedule and seventeen times as effective as a 24-hour schedule. 

This conclusion, that the effectiveness of sodium penicillin G therapy is re- 
lated to the frequency with which this drug is administered, is in accord with 
conclusions derived from the studies of Jawetz (9) and Eagle (12) who worked 

* Previous studies have shown that 0.03 microgm./cc. is the lowest concentration of 
sodium penicillin G which will regularly inhibit growth of the McGovern strain in vitro. 
This is twice the minimal concentration which can be measured by the assay procedure 
used in the present experiments. 
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respectively with streptococcal and pneumococcal infections in mice. It is 
opposed, however, to the conclusions drawn from the studies of Zubrod ( 10 ) 
and White ( 11 ) on streptococcal infections and' those of Gibson (13) on pneu- 
mococcal infections. The latter investigators, also emplo 3 'ing the mouse as 
the test animal, found that the effectiveness of various water-soluble penicillins 
was related to the total dose of drug rather than to the frequency ivith which 
individual doses were administered. It is apparent that these opposing con- 
clusions cannot be ascribed simply to the use of different species of test organisms 
or different experimental animals. Some of the above studies may be criticized 
for incomplete documentation of conclusions (12), and use of crude pem'ciUin 
preparations (9), inadequate numbers of experimental animals (13), or infecting 
organisms of imcertain virulence (9). However, divergent conclusions were also 
attained in studies which appear to be free of such criticisms, namely in the work 
of Zubrod, White, and this laboratoiy. It seems obvious, therefore, that there 
must be basic differences in the characteristics of infections produced by different 
organisms, which determine the relative activities of frequent and widely spaced 
dosage regimes. 

It appears probable that these differences rest on inherent differences in the 
susceptibility of the invading organisms to the defense reactions of the host. It 
is well-known that various species and strains of bacteria differ nddely in this 
respect. Such differences are probably far more important to successful peni- 
cillin therapy than is commonly recognized. Undoubtedly, penicillin does not 
kill every one of the infecting organisms even under optimum conditions. Al- 
though a very high proportion of the organisms may be destroyed b 3 ’' this bac- 
tericidal agent, some few either receive sublethal injury or are essentially un- 
affected because of their existence in a resting state. If these persisting bacteria 
are not removed by the phag 0 c 3 d.es or killed by repeated exposure to penicillin, 
they ultimately overwhelm the host. The success of the single dose regimes of 
Zubrod and White and the widely spaced doses of Gibson probably depends on 
the fact that those few orgam'sms of the C-203 strain of streptococcus and the 
Gibson strain of pneumococcus, which were not lulled directly by the penicillin, 
were readily disposed of by the phagocyies of the mouse. On the other hand, 
the insusceptibility to phagocytosis of the Jawetz strain of streptococcus and 
the McGovern strain of pneumococcus placed responsibility for eradicating 
these organisms on the penicillin; in this circumstance repeated administration 
of the drug was required to eradicate all of the invading bacteria. 

There is a certain amount of evidence to support the suggestion that the 
effectiveness of various dosage regimes of penicillin depends, in part, upon the 
susceptibility of specific organisms to body defense mechanisms. Work in this 
laboratory on problems of drug resistance (17) has shonm that much larger total 
doses of penicillin and more protracted treatment are required to cure mouse 
infections with the McGovern strain of pneumococcus than are required for 
infections vith the C-203 strain of streptococcus. MacLeod and Stone (18) like- 
wise found that there were marked differences in the amounts of penicillin and 
duration of treatment required to cure infections with various strains of tj'pe I, 
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II, and III pneumococcus. Since the organisms used in both of the above studies 
had essentially equal virulence and in vitro susceptibility to the penicillins, the 
variations in in vivo responses were probably due to differences in the ability of 
the mouse phagocytes to dispose of those few bacteria which were not lulled 
directly by exposure to the drug. 

The present study has also raised some interesting points on the relations 
between the effectiveness of penicillin therapy and the levels of this drug in 
plasma. The data presented here show that sustained plasma concentrations 
of penicillin G are not at all necessary for a maximum therapeutic response. 
Periods in which the plasma was “penicillin-free” varied from one to twenty 
hours on various dosage regimes of equal effectiveness; these periods covered 
from J to I of the total dosage intervals. It is noteworthy that, by increasing 
the dose, the "penicillin-free” period can be greatly prolonged without loss of 
therapeutic effect, also that those regimes which had the longest "penicillin-free” 
periods are associated with the highest plasma levels of drug. This latter finding 
is of especial interest. It indicates that plasma penicillin concentrations above 
levels required to kill organisms at so-called maximal rates have a definite bene- 
ficial effect and are not so much “waste drug” as has been maintained by Eagle 
(12). These high concentrations may either lengthen the lag period in the re- 
covery of organisms which have been e.xposed to toxic but sublethal concentra- 
tions of penicillin (19) or effect a greater localization of the drug in the invading 
bacteria. 

It is always necessary to exercise great conservatism in transferring the results 
of an experimental study to clinical use. Differences in disposition of the thera- 
peutic agent, in infecting organisms, in specific characteristics of the infections, 
and in the inherent susceptibility of the host to disease processes, all serve as 
modifying factors. It seems reasonable to conclude, however, from the results 
of the present and previous studies tliat optimum therapeutic responses in 
fulminating human infections with such organisms as the pneumococcus and 
streptococcus can be achieved by administration of sodium penicillin G no more 
frequently than every eight hours, and probably somewhat less frequently be- 
cause of the slower elimination of penicillin in the human patient. Much less 
frequent dosage may be required for optimum effects when one is dealing with 
more or less circumscribed infections. It also is reasonable to conclude that the 
continued presence of inhibitory concentrations of penicillin G in plasma is not 
essential to a maximum therapeutic response. These conclusions would elimi- 
nate the alleged basis for the general clinical use of repository preparations of the 
penicillins as well as for the 3- to 4-hourl}' and intravenous treatment schedules 

BUMJIAIIY 

A quantitative study has been made of the effectiveness of different dosage 
regimes of penicillin G against a fulminating pneumococcal infection in the white 
rat. The results of tills study have shown that with treatment of brief duration 
(eight hours or less) two doses of sodium penicillin G administered two or four 
hours apart were significantb' more effective than a single dose or two doses 
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separated by an 8-hour interval. Likewise, when treatment was of moderate 
duration (96 hours or the equivalent), divided doses of sodium penicillin G ad- 
ministered at 2-, 4-, or 8-hour intervals were far more effective than divided 
doses at 12- or 24-hour intervals. It was also found that procaine pem'cillin G 
administered at 24-hour intervals was significantly more effective than sodium 
penicillin G given at these times, but not as effective as the sodium salt admin- 
istered at 2-, 4-, or 8-hour intervals. 

Measurements were also made of the concentrations of "penicillin” present in 
plasma after administration of equally effective doses of sodium or procaine peni- 
cillin G on the various dosage regimes. These measurements show that these 
equally effective doses maintained inhibitory concentrations of “penicillin” in 
plasma for only a small fraction of the dosage interval. 

Although the above findings show' that the effectiveness of penicillin therapy is 
related to the frequency of treatment, they offer no support for the general 
assumption that the effectiveness of therapy is dependent upon continued main- 
tenance of inhibitory concentrations of the drug in body fluids. Rather they 
indicate that optimum therapeutic results, even in fulminating infections, may 
be achieved by administration of water-soluble penicillin salts at fairly wadely 
spaced intervals. 
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The compound, 3-(o-toloxy)-l, 2-propanediol, variously called Myanesin, 
Tolserol, Toloxyn, etc., has been shown to produce muscular relaxation during 
light anesthesia (1-G) and to influence favorably various dystonio and hyper- 
kinetic states (7-10). The praetical value of the drug has been limited, how- 
ever, because of its low solubility in water and the short duration of its action. 
The examination of a large number of various 3-alkyloxy and 3-allcyl-a:yloxy- 
1, 2-propanediols and 3-allcj'larylthio-l,2-propanedio!s did not bring to light 
any eompound of greater solubility or longer duration of action (11). The dura- 
tion of action of all the active compounds was similar, a fact which suggested 
that the body may rapidly inactivate all of these compounds by a similar mecha- 
nism.' 

Metabolic studies have shown that very little free Myanesin is excreted un- 
changed in the urine (12-15). Further studies by two groups worldng inde- 
pendently have disclosed that beta-(o-toloxy)-lactio acid, in which the terminal 
group of Myanesin has been oxidized from — CHsOH to COOH, is an important 
metabolic product of the drug (16, 17). This metabolite is a true detoxification 
product devoid of paralysing properties and of low toxicity (16). Thus it 
appears that the presence of the terminal alcohol group of Myanesin is essential 
for activity. 

The demonstration that a major part of the Myanesin molecule is rendered 
ineffective by a rapid oxidative process suggested the possibility of prolonging 
Myanesin action by protecting the hydroxyl group involved. Such a compound 
might be more soluble in water than is Myanesin and it was expected that such 
a compound would be relatively non-toxic and would liberate the active parent 
compound in vivo. The present report describes the chemical and pharmacologi- 
cal properties of the first such compound prepared and studied, the acid suc- 
cinate of 3-(o-toloxy)-l, 2-propanediol. The assumptions were well-founded; 
Myanesin acid succinate formed a very soluble sodium salt which possessed 
Myanesin-like activity. The compound was less toxic and produced effects of 
longer duration than Myanesin. 


EXPEKKIENTAL 

1. PHEPADA'nox OF Mtanesin Acid Sdocinate (MAS). The acid succinate of 3-Co- 
toioxy)-t,2-propanedioi was prepared by the direct succinoyiation of Myanesin. One 
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half mol (92 gm.) of the diol and 50 gm. of succinic anhydride were dissolved in 225 cc. 
pyridine and the mixture heated overnight on the steam bath. The reactants were cooled, 
acidified with 3 N HCl and extracted with ether. Extraction of the ether solution with 8 
per cent sodium bicarbonate transferred the succinate to the aqueous solution which was 
then washed with several portions of fresh ether to insure the removal of any unreacted 
Myanesin. Acidification of the aqueous solution of the sodium salt precipitated the suc- 
cinate as a viscous oil which was again taken up in ether. Evaporation of the solvent under 
high vacuum left the succinate as a viscous, straw-colored liquid which has resisted all 
attempts at crystallization. Yield 86 per cent of theory. Calculated for CuHisOs: C, 
59.56; H, 6.43; Neut. eq., 282.3. Found; C, 58.76; H, 6.51; Neut. eq., 279.0; 279.5. 

The succinate is soluble in ether, alcohol, acetone, benzene, and chloroform but is only 
slightly soluble in water or petroleum ether. For physiological testing, the succinate was 
dissolved in sufficient sodium hydroxide to give a 10 per cent aqueous solution with a pH 

TABLE 1 


Incidence of paralysis and death in mice after intraperitoneal administration of various doses 
of aqueous solutions of the acid succinate of 3-{o-toloxy)-l ,2-propanediol and of Myanesin 


BOSE 

Acm sncaNATE op 3.(o-toloxy)- 
l.J-PHOPANEBIOI. 

itYANESIK 

No. paralysed 

No. used 

No. died* 

No. used 

No. paralysed 

No. used 

No. died* 

No. used 

Plif/lliM. 

0.7 



0/10 

0/10'-- 

1.0 


0/10 

12/20 

0/20 

1.5 


0/10 


0/10 

2,2 

2/30 

0/30 

10/10 

0/10 

3.3 

18/20 

0/20 

10/10 

8/10 

5.0 

30/30 

20/30 

— 

— 

t 

t 

t 

PD 50 

2.7 ± 0.15 mM/kgm. 

0.96 ± 0.08 mM/kgm. 

LD 50 

4.6 ± 0.3 

mM/kgm. 

2.9 ± 0.3 

mM/kgm. 


* Dead after 24 hours. 

■f PD 50 = paralytic dose for half the group. 
} Standard Deviation. 


of 7.0 to 7.7. Such solutions were clear but sometimes became somewhat turbid on dilution 
with distilled water. 

2. Pharmacological Properties. Paralyzant Activity and Toxicity. The paralyzant 
activity and the acute toxicity of the acid succinate of S-(o-toloxy)-l, 2-propanediol (MAS) 
were determined in adult male albino mice. The drug was injected intraperitoneally into 
mice weighing 18 to 20 gm. which were observed thereafter at intervals for 24 hours. The 
mice were watched closely for the first three hours for loss of the righting reflex, which was 
taken as the criterion of paralysis. They were observed again at the end of 24 hours at 
wliich time mortalities were recorded. A parallel series of observations was recorded at the 
same time for the parent compound, Myanesin. A summary of data on the incidence of 
paralysis and death is presented in table 1, 

INIAS is approximately one-third as active a paralyzant as Myanesin. Myane- 
sin paralyzed about 50 per cent of the experimental animals in doses of 1 mM/ 
kgra. while similar doses of MAS did not visibly affect the animals. After some- 
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what larger doses of Myanesin (1.5 mM/kgm.) paralysis occurred in all of the 
animals. In contrast, doses of MAS as large as 2.2 mM/kgm. produced but 
few changes in the appearance and behamor of mice. After this dose, the ani- 
mals did not move around their cages to the same extent as the controls and ap- 
peared somewhat subdued for one to two hours. When turned on their backs, 
the animals were able to right themselves as quicldy and efficiently as the con- 
trols. Doses of 3.3 mM/kgm. of hliVS produced paralysis in most of the ani- 
mals. 

With ALAS the speed of onset as well as the duration of paralysis differed from 
these properties of the parent drug. Minimal effective doses of Myanesin pro- 
duced a transient paralysis; the induction period was two to three minutes, as 
it was for all higher doses of the drug. With increasing doses of Myanesin the 
duration of paralysis increased. Minimal paralyzant doses of MAS, on the 
other hand, manifested this effect only after ten to twenty minutes; only the 
largest dose employed (5.0 mM/kgm.) effected paralysis with a speed compa- 
rable to that of Myanesin. 

The effect of MAS by the intravenous route was also investigated. When 
a 10 per cent aqueous solution was injected into rabbits in doses of 100 mgm./ 
kgm., at a rate of 100 mgm. per minute, no symptoms of any kind were observed. 
A similar dose injected rapidly caused paralysis of four minutes’ duration which 
was followed by complete recovery. During paralysis, the animal appeared 
conscious and respiration was somewhat increased in rate and depth. 

Death from Myanesin or from MAS was due to respiratory failure; the cir- 
culatorj’ system was primarily unaffected. Neither MAS nor Myanesin pos- 
sessed curare-like action. Paralyris was due, as with Myanesin, to the depres- 
sant action of the drug on the central nervous system. 

Fenlameihykncidrasol (Metrazol) Antagonism. Because of the possibility 
that MAS may produce pharmacological effects in non-paralyzant doses, the 
Aletrazol antagonism was investigated. Tliis method permitted the evaluation 
of effects which were not apparent when animals were given paralyzing doses. 

Graded doses of Myanesin and MAS were injected intraperitoneally simultaneously 
with a certainly lethal dose (LD 99) of Metrazol to groups of white male mice weighing 
18-20 gm. Controls which received only Metrazol were included with each experimental 
group. The number of mice dying at intervals of tea minutes was noted for a period of 60 
minutes or longer. The results of these experiments are given in table 2. 

Most of the control mice that received only Metrazol died in convulsions within 
ten minutes after administration of the drug. The simultaneous administra- 
tion of 0.5 mJI/kgm. of Myanerin protected all the animals from death for at 
least 30 minutes. MAS administered similarlj' had a much smaller protective 
action, the smallest dose protecting all the animals from death for at least 
30 minutes being 1.5 mM/kgm. With either drug about half of the paralyzing 
dose had to be given in order to achieve complete protection. 

The duration of action of MAS was compared with tliat of Myanesin. Graded 
doses of Myanesin or MAS were injected into groups of mice, but in these tests 
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TABLE 2 

The effect of various doses of Myancsin and of the acid succinate of S-(o-toloxy)-l , 3-propanediol 
(MAS), respectively, in preventing death by 100 mgm./kgm. of Metrazol 
Metrazol and one of the other drugs were given simultaneously by intraperitoneal in- 
jection to white mice. In each instance, the volume of fluid injected was the same ( 0.8 
CC ./20 gm, of body weight). 


METEA20L 

i j 

1 iryANEsm ! 

1 

1 

i 


NO, DEAD 

NO. trsED 


UAS 

1 Time after iniection 




10 ' 1 

30' 1 

60' 

msm . Itgm . 

100 

mllikgm . 


31/35 

34/35 

34/35 

100 

0.3 

— 

4/10 

7/10 

7/10 

100 

0.5 

— 

0/10 

0/10 

2/10 

100 

0.7 

— 

0/15 

0/15 

3/15 

100 

1.0 

— 

0/10 

1/10 

4/10 

100 

1.5 

— 

0/20 

0/20 

2/20 

100 

2.2 

— 

0/5 

0/5 

0/5 

100 

1 

0.7 

9/10 

9/10 

9/10 

100 

— 

1.0 

5/15 

7/15 

8/15 

100 

— 

1.5 

0/20 

0/20 

2/20 

100 

— 

2.2 

0/5 

0/5 

0/5 


TABLE 3 

Duration of protective effect of Myancsin and of the acid succinate of S-(o-toloxy)-l 
propanediol (MAS) in preventing death from Metrazol 


Metrazol was injected 30 minutes after administration of one of the other drugs. All 
substances were given intraperitoneally to white mice in a volume of 0.4 co. per 20 gm.of 
body weight. The controls received 0.4 cc. of distilled water instead of the depressant. 



1 



NO. DEAD 

NO. DSED 


itElRATOI. 

MYAKESIN 

HAS 

Time after injection of Metrazol 




10' 

30' 

60' 




1 

37/40 

1 

38/40 

38/40 

100 

0.7 

- 

5/5 

5/5 1 

5/5 

100 

1.0 

— 

7/10 


8/10 

100 

1.5 

— 

6/20 


7/20 

100 

2.2 

— 

1 1/10 

1 

1 1/10 

4/10 

100 



0.7 

1 

5/5 

5/5 

5/5 

100 

— 

1.0 

8/10 


9/10 

100 



1.5 

7/20 

9/20 

10/20 

100 

— 

2.2 

0/10 

i 0/10 

3/10 
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Metrazol was not injected until 30 minutes later. The number of deaths was 
again counted at ten-minute intervals for one hour or more (table 3). 

The results showed that under these conditions both drugs possessed similar 
protective actions. The protective dose of MAS did not differ much from that 
observed when the drug was injected simultaneously with Metrazol. Myanesin, 
on the other hand, lost a considerable part of its protecting action when the 
injection of Metrazol was delayed for 30 minutes. While only ■ one-half of a 
paralyzing dose was protective on simultaneous administration, more than twice 
the paralyzing dose of Myanesin was required for protection if the injection of 
the convulsant was delayed. With MAS as little as three-quarters of a paralyz- 
ing dose effectively protected the animals from Metrazol administered simul- 
taneously with, or 30 minutes after, the depressant. These experiments show 
that MAS had an action of considerably longer duration than Myanesin. 

The Hemolytic Action. Both Myanesin and MAS, in concentrations of 0.5 
to 0.9 per cent, caused hemolysis of washed human red cells. In the presence 
of serum and plasma the hemolytic power of both compounds w'as reduced. 
Dilutions of a 10 per cent aqueous solution of MAS did not eause as marked 
“curdling” (18) of blood as obseia'ed with similar dilutions prepared from a com- 
mercially available 10 per cent solution of Myanesin. The marked protein 
precipitating effect of the 10 per cent Myanesin solution may be due to the 
action of the solvents (ethyl alcohol and propylene glycol) necessary to keep 
Myanesin in solution. Both Myanesin and MAS, however,' have a protein 
precipitating notion and for this reason neither drug appears suitable for in- 
travenous administration in a concentrated solution. 

The Effect of Liver Homogenates on MAS. Preliminary experiments indi- 
cated that mouse liver homogenates possessed the ability to split MAS into 
Myanesin with the liberation of acid, presumably succinic acid. Since the 
results in vitro have some bearing on the behavior of the succinate in vivo they 
are presented briefly. 

In the first experiment, a well-buffered mouse liver homogenate, pH 7.7, was 
incubated 2.4 hours with 0.10 mM of MAS at 37.5°C. The preparation was 
heated briefly at the end of the incubation to coagulate protein and filtered. The 
filtrate was extracted with chloroform to remove neutral o-cresol derivatives 
and the chloroform extract evaporated. The residue was dissolved in absolute 
ether, washed with aqueous sodium bicarbonate to remove traces of acidic com- 
pounds and the ether evaporated. The residue remaining after this treatment 
was dissolved in water. The experimental sample gave the typical ultra violet 
absorption spectrum of Myanesin. By comparing the optical density at 270 mji 
ivith that of known solutions of Myanesin it was calculated that 0.031 mM (20 
per cent) of the Myanesin was liberated. This figure includes a correction for 
a small amount of absorption at 270 ma found in the control in which MAS was 
incubated with a heat denatured homogenate. 

In a second e.xperiment, the liberation of acid was followed in weakly buffered 
mouse liver homogenates to which equi-molar amounts of various substrates 
were added. No change in pH with time was observed in homogenates to which 
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was added either succinate or Myanesin. In contrast, the addition of MAS re- 
sulted in a fairly rapid production of acid. For comparison, ethyl acetate added 
to mouse liver homogenate was found to split approximately 50 times faster than 
the succinate. 

Discussion. The activity and potential usefulness of Myanesin and allied 
compounds may be evaluated in terms of the mean paralyising and lethal doses 
(11, 12). From a large number of compounds, M 3 ''anesin was selected as the 
most worthy of clinical trial because it had the greatest paralyzing potency and 
the widest margin between paralyzing and lethal doses. Judged by these cri- 
teria, Myanesin acid succinate (MAS) appeared inferior to Myanesin because of 
the high paralyzing dose and smaller margin of safety. 

Comparison of the pharmacological properties of A'lAS and Myanesin showed 
that both compounds have qualitatively similar actions. AlAS diff ers from 
Myanesin by having a less intense but more persistent effect. Paralysis occurred 
soon after the administration of Mj’-anesin and was of short duration, while with 
MAS, paralysis occurred only after administration of large doses and then only 
after a latent period which was several times longer than that observed with 
Myanesin. These observations, combined with the knowledge that liver homo- 
genates can hydrolyze the ester linkage, indicate that MAS is broken down in 
the body into Myanesin and succinic acid. This breakdown occurs at a relatively 
slow rate and accounts for the prolonged action of MAS. The low paralyzing 
potency of MAS is due to the slow release of Myanesin from MAS, i.e., the low 
available Myanesin concentration, and the rapid oxidation and inactivation of 
the free Myanesin. Thus, effective blood concentrations are present only after 
the administration of large doses of MAS. 

The low paralyzant activity of MAS did not discourage our interest in the drug 
since the therapeutic effects of Myanesin itself are exerted by subparalytic doses. 
There is the possibility that the paralyzing dose as measured experimentally is 
not a true index of the potential clinical value of a drug of this type. 

Screening of drugs with Myanesin-like activity could best be carried out using 
animals with e.xperimentalty produced dystonic or hyperkinetic states more or 
less comparable to the clinical entities found in human patients. Unfortunately, 
this was not feasible. Therefore, an indirect method of evaluation, several of 
which have been described (12, 19), was chosen based on the observation that 
Myanesin and compounds with similar action are able, in small doses, to prevent 
death from othervdse lethal doses of Metrazol. This method permitted a quan- 
titative comparison of the drugs. 

Myanesin administered simultaneously mth Metrazol provided effective pro- 
tection against the stimulant. Myanesin administered 30 minutes before Metra- 
zol had a much lesser protective pow'er. ilAS, on the other hand, had a nearly 
equal protective action whether injected with or before Metrazol. These results 
show that the duration of this action of MAS is greater than that of Myanesin. 

The oral administration in man of a solution of Myanesin in clinically effective 
doses not infrequent^ causes unpleasant side effects such as dizziness and nystag- 
mus. These transient effects have been attributed to momentarily high blood 



THE acid StJCCIXATE OF MYANESIN 


275 


levels. The occurrence of these side effects with MAS should be infrequent be- 
cause ^lAS has to be split to J^Ij^anesin before activity can be observed, while at 
the same time the liberated ^Ij'ancsin is undergoing oxidation and degradation. 
These reactions would tend to maintain lower and steadier blood levels of Myanc- 
sin. 

■\'’arious esters of Myanesin may undergo cleavage, in vivo, at different rates 
in various species of animals. The study of other organic esters of Myanesin 
therefore appears warranted. 

SuioiARY, Since it was previously shomi that 3-(o-toloxy)-l, 2-propanediol 
(hlyanesin) is inactivated in the body by oxidation of the terminal alcohol group, 
the acid succinate of 3-(o-toloxj0*l»2-propancdiol (MAS) was prepared in an 
effort to obtain a more soluble compound with a more persistent action. ' 

The pharmacological effects of MAS were qualitatively similar but less intense 
than those produced by Myanesin. MAS was less toxic and had a considerably 
weaker direct paralyzing action. The duration of action of MAS was much 
longer than that of Myanesin. Furthermore, in doses not causing paralysis, 
MAS possessed a relatively greater antagonistic action to Mctrazol than did 
Alyanesin when the Mctrazol was injected some time after the MAS or Myane- 
sin. 

Liver homogenates hydrolysed MAS into Myanesin and succinic acid. The 
experimental observations on intact animals indicated that MAS was dealt vnih. 
in a similar way in vivo. 
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Specific sensitization to the potassium ion was first demonstrated by Szent- 
Gyorgyi, Bacq and Goffart (1). They found that perfusion fluid collected during 
faradic stimulation of the hind legs of a veratrinized frog evoked a contraction of 
a second unstimulated veratrinized preparation. This “humoral transmission” 
of the contraction was shounn to be due to potassium ions released during stimula- 
tion and potentiated by veratrine (2). Bacq and his associates later showed that 
this potentiation of the potassium ion is a distinctive feature of the action of 
veratrine (3-10) although it may not explain all the effects of the drug (11). 

A number of unrelated substances have a similar potassium ion potentiating 
effect (10). Among these, thiocyanate is notable because of the intensity, regu- 
larity and easy reversibility of its sensitizing action (5-9). In the present report 
the specificity of the sensitization to potassium produced by thiocyanate was 
studied by analyzing its inter-relations vith acetylcholine, curare and physostig- 
mine. 

It is well known that the muscular effect of veratrine and the sensitization to 
potassium produced by it are not qualitatively impeded by curare (2, 10, 11), 
but no quantitative results are available. It has also been reported that under 
certain conditions veratrine slowly sensitizes the rectus of the frog or toad to 
acetylcholine (3). Since the mechanism of thiocyanate:potassium sensitization 
has not been clarified (10), we have attempted to determine whether or not curare 
quantitatively affects this sensitization and also whether or not thiocyanate: 
acetylcholine sensitization is similar to eserinization, so that these effects might 
be compared with the Icnoum actions of veratrine. 

Methods. Thirty frogs, Rana temporaria (Belgian) and Rana pipiens were used. After 
pithing, the rectus abdominis muscles were separated along the median line, immersed 
in 100 cc. Ringer’s solution, and kept in the refrigerator at about 10° C. for one to five hours. 
Each muscle was then suspended in a 10 cc. chamber filled with oxygenated Ringer’s solu- 
tion at room temperature (about 23°C.). The solution was composed of the following salts 
dissolved in distilled water; NaCl, 0.6 per cent; KCl, 0.0075 per cent; CaClj (anhydrous), 
0.01 per cent; NaHCOa, 0.1 per cent. 

The effects of the drugs were studied in two ways: 

a) The length of the muscle was recorded on a kymograph by means of a counterpoised 
muscle lever and ink writing pen. Shortening was induced by adding various amounts of 
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potassium chloride or acetylcholine to the bath.® Sensitization to potassium was produced 
by immersing the muscle in a Ringer’s solution containing 1:2000 sodium thiocyanate for 
two or three minutes before adding the stimulating drug. 

b) In a number of experiments a long light lever with almost negligible inertia was used. 
In these, the muscle shortening was determined by the lever displacement on an arbitrary 
scale. Stimulation w’as produced by replacing the plain Ringer’s solution of the bath 
with a Ringer’s solution containing the potassium chloride or acetylcholine. The degree 
of shortening was read on the scale after contact for four minutes with the modified Ringer’s 
solution. For sensitization, the stimulating substance was combined with sodium thio- 
cyanate (1:2000) and dissolved in 10 cc. Ringer’s solution. Curarization wag produced 
by a crude preparation of curare or a purified extract from Chondodendron iomentosum (Into- 
costrin). For eserinization tho muscle W’os soaked for at least three hours in Ringer’s 
solution containing 30 mgm. physosligminc salicylate per liter. 

Results. I. Thiocyanate:Potassium Sensiiizaiion. When the rectus ab- 
dominis of the frog is immersed in Ringer’s solution containing thiocyanate the 
muscle almost immediately becomes hypersensitive to slight increases in potas- 
sium concentration. This hypersensitivity is striking after two to three minutes 
of contact. However, no shortening is seen with thiocyanate alone even after 
prolonged contact (up to more than one hour). Normally, the addition of a 
minimal effective quantity of potassium cliloride to a non-sensitized muscle 
preparation produced a slow and minimal shortening. If an equivalent amount 
of KCl is added to the bath after the muscle has been treated wth thiocyanate, 
the contraction is intensified at least ten- to fifteenfold and its response is almost 
immediate and marked (fig. 1). This contrasts with the relatively long delay 
observed after exposure to isotonic glucose, which also produces a marked hyper- 
sensitivity to potassium (12), The thiocyanate effect is completely reversed by 
repeated waslfings with normal Ringer’s solution (fig. 1). 

The apparent intensity of the sensitization by thiocyanate is soon limited by 
a “ceiling effect”. Thus, when the initial concentration of potassium chloride 
is adequate to produce a marked shortening of the non-sensitized muscle, the 
sensitization produced by thiocyanate appears to be relatively less. 

Successive sensitizations and desensitizations can be demonstrated consistently 
on the same muscle. Unlike veratrine, the action of thiocyanate is largely inde- 
pendent of the species studied. Thus, Rana esculenta (Hungarian frog), Rana 
temporaria and Rana pipiens show similar reactions to thiocyanateipotassium 
although their intensities may var3" moderately in the different species. 

II. Action of curare on ike muscular response to thiocyanate ‘.potassium. The 
following procedure was used on the rectus of Rana pipiens and Rana temporaria 
in a series of experiments (c/. 9): 

a) In order to obtain the same initial shortening after curarization, the dose of 
potassimn added to the bath had to be increased slightly (from 0.5 cc. to 0.6 cc, 
of 2 per cent KCI in the case shown in fig. 2), It is obvious that, in this supra- 
liminal range, a very slight spontaneous change of the potassium sensitivity can 

* Acetylcholine was generously supplied through the courtesy of Hoffman-La Roche, 
Inc.; Intocostrin was supplied by E. R. Squibb & Sons; sodium thiocyanate was specially 
prepared by W. R. Warner & Company, 
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markedly decrease the reaction to the same stimulating dose. This decrease in 
sensitivity was constantly observed in sixteen similar experiments and has been 
observed by others under similar conditions (13-16). It is not seen in isolated 
non-curarized muscle within this time period. Our results confirm the opinion 
that the sensitivity of the rectus muscle to potassium is decreased by curare. 



A B C 



ABC 



D E F G 


Fig. 1, Muscle Kept in Ringer’s Solution for 75 Minutes 
Successive tests were made at intervals of fifteen minutes. A — addition of 0.6 co. 2j^r 
cent ICCl; B — same dose of KOI, three minutes after NaSCN, 1:2000; C — same dose of KCi, 
after normal Ringer’s solution replaced NaSCN. In this figure, as well ns in the following 
ones, the Icymograph was stopped and the effect of the drug terminated by repeated wash- 
ings with normal Ringer’s solution. 

Fig. 2. Muscle Kept in Ringer’s Solution for Three Hours 
Intervals between successive tests A, B and C were fifteen minutes; between C and D, 
twenty minutes; between D, E and F, ten minutes; between F and _G, fifteen minutes. 
A — addition of 0.5 co. 2 per cent KCI; B— 0.5 cc. 2 per cent KCI, three minutes after KaSCN 
1:2000; C — 0.5 cc. acetylcholine 100 mgm./liter; ID — 0.5 cc. acetylcholine 100 m^./hter, 
ten minutes after Intocostrin {100 units/IOO cc.); E — 0.5 cc. 2 per cent KCI; F— 0.6 cc. 
2 per cent KCI; G — O.G cc. 2 per cent KCI, three minutes after NaSCN 1:2000. 

b) When the dose of potassium chloride has been adjusted to elicit the same 
initial response of the muscle, thiocyanate increases this response to the same 
extent whether or not the muscle has been treated by curare. The thiocyanate 
sensitization is therefore not affected by curarization of the preparation. 

c) "When the dose of potassium added to the bath is kept constant before and 
after curarization, there is a decrease in the response to thiocyanate: potassium 
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^vlncll is sitnilur to tlic decrease in the reaction to potassium alone. Tliis shows 
that the absolute response of tlic muscle to thiocynnatcCpotassium is largely de- 
pendent on the initial potassium Ecnsilivity. As the latter is decreased by curare, 
the response to thiocyanatcipotassium is similarly decreased. The process of 
sensitization itself is unaffected. 

These conclusions were confirmed in a series of five experiments in which more 
quantitative data were obtained by comparing the action of several concentra- 
tions of potassium chloride, before and after sensitization by tliiocyanatc, on tw'o 



Fia. 3. CostrosiTB GnAni of Scs-siTiviTy or Fivk Notiual Mobcles 
(Solid Lines) and Five Cim.\miED Mufci.ks (Biiokkn Lines) 

TO KCl (LowEn CunvEs) and NaSCNiKCJ (UrpKn Convus) 

Ordinates, average shortening of the muscles, cxprcssctl in nrbitnrj’ units; at^cissae, 
concentration in per cent of KCl solution added to potos'^ium-free lUngcr’s solution (cc. 
KCl per 20 cc. Ilingcr). 

matched excised recti from the same frog, one muscle immersed in Ringcr’fi solu- 
tion, the other in Ringer’s solution with Intocostrin (200 to 400 units per lOO cc.)» 

Each muscle was first repeatedly submitted to the same concentration of po- 
tassium chloride until two successive immersions produced a similar shortening. 
The acetylcholine sensitivity was then roughly determined bj” immersion in a 
solution of this drug in Ringer’s solution (0.05 rogm. per 10 cc. for two minutes 
for the normal muscle and 0.1 mgm. per 10 cc. for four minutes for the curarized 
muscle). The curarized muscle was completely unresponsive to this dose of 
acetylcholine in three instances; in the otlicr two, some shortening occurred, but 
this was much less (9 per cent and 13 per cent) than tliat of the corresponding 
normal muscle. 
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The sensitivity to potassium was determined by exposing the control and cura- 
rized muscles to a solution containing 1 cc. of 1, 1.5, 2 or 3 per cent potassium 

TABLE 1 


Effect of Intocoslrin on Potassium Sensiiiviiy with and without Sodium Thiocyanate 


BEFORE TESTING 

ACETYL- 

CHOLINE 

SENSt- 

KaSCN 

TER CENT KCI USED 
(ICC. K.Cl/20 CC. EINGEE’S SOLUTION) 


Tivnv 


0.75 

‘ i 

1.5 

B 

3 


Exper. 1 




% 






a) Ringer’s solution — 2 hrs. 

88 

0 

' 

0 

14 

52 

SO 



0.05 

18 

50 

90 

98 

120 

b) Intocostrin solution — 5 hrs. (200 

0 

0 



0 

34 

68 

96 

units/100 cc.) 


0.05 

38 

1 

96 

116 

122 

146 


Exper. 2 


a) Ringer’s solution — ^1 hr. 

106 

0 

' 

1 

0 

16 

58 ' 

■I 



0.05 

12 

40 

90 



b) Intocostrin solution — 4f hrs. (200 

14 

0 

i 

0 

i 

38 1 

76 

110 

units/lflO cc.) 


0.05 

12 

60 1 

100 

112 



Exper. 3 


a) Intocostrin solution — 4§ hrs. (200 

0 

1 

0 ! 

' 

0 

35 

70 

H 

units/100 cc.) 


0.05 

10 

38 

98 

116 

n 

b) Ringer's solution — 8 hrs. 

102 

0 



0 

28 

82 

H 



0.05 

24 

66 

132 

1 

148 

mi 


Exper. 4 


a) Intocostrin solution— 4 hrs. (400 1 

0 i 

0 


0 

22 

32 

50 

units/100 cc.) 

1 

0.05 

18 

36 

54 

62 

76 

b) Ringer’s solution — 7 hrs. 

76 

0 

1 

0 1 

34 

70 

SO 



0.05 

20 

1 

48 

100 

108 

114 


Exper. 5 






a) Intocostrin solution — 5 hrs. (300 

1 

10 

0 

— 

1 

4 

SO 

62 

1 76 

units/100 cc.) j 


0.05 

20 

46 

106 

116 

124 

b) Ringer’s solution — 8 hrs. 

92 

0 

— 

0 

44 

58 

78 


0.05 

14 

60 

! 98 

114 

126 


Values in columns are in arbitrary units. 


chloride per 20 cc. Ringer’s solution. Each concentration was tested once on 
each muscle, the reading being taken after four minutes of contact. Between 
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readings the muscle was rinsed many times witli normal Eingcr’s Bolution. An 
interval of fifteen minutes was allowed to elapse hetween tests. The.se concen- 
trations rvere tested again on the s-ame muscle in the presence of sodium tliiocya- 
nate 1:2000 added during the period of contact with potassium chloride. Be- 
cause of tlie increased sensitirily to potassium in the presence of thiocyimaf c, an 
additional reading was taken nith 1 cc. of 0.73 per cent potassium chloride per 
20 cc. of Einger’s solution. During these tests the curarized muscle was im- 
mersed in Eingcr’s solution containing Intocostrin (300-000 units per liter). 

The results may bo summarized as follows (table 1): 

a) Both normal and curarized muscles showed a marked increase in sensitivity 
to potassium in the presence of tliiocyanatc. As e.xpcctod this potentiation was 
particularly marked at lower concentrations (“ceiling effect”). Tlic minimal 
dose of pot.Tssiura producing shortening was actuall}' lowered by thiocyanate 
sensitization, thus differing from the action of veratrine (10). 

b) In the first four cases the norm.al and eurarizcil muscle from each pair 
sliowcd significant differences in sensitivity to pota-ssium and tliiocyanatcipotas- 
sium. The greater sensitivity was sometimes cxliibited by tlie noimal muscle 
and sometimes by the curarized muscle. No definite conclusion can be drawn 
from this observation since it is known that the pot.assium sensitivity of two 
homologous muscles from the same pair often sliows marked differences for no 
obvious reason, even when the muscles arc soaked in the same medium and tested 
simultaneously (17). For tliis reason the data in fig. 3 c.mnot be interpreted ns 
contradicting the previous conclusion in a) above. 

c) In each experiment, the difference in sensitirity to tbiocyanatc:potassium 
c.xisting between the normal and curarized muscle closely parallels the difference 
in sensitivity to potassium alone (fig. 3). Data on the nomial muscles (solid 
lines) and the curarized muscles (dotted lines) wore combined in two curves of 
sensitivity, one for potassium and the other for tliiocyaaateipotassium. The 
superimposition of tlie two curves for KCl must be considered coincidental in view 
of tlie diveratj’ of the five experiments combined in the graph, but it is significant 
that the displacement of the thiocyanate curve to the left is similar for the normal 
and the curarized muscles. This demonstrates quantitatively that curare does 
not affect tlie thiocyanate sensitization of potassium. 

III. Sensitizalion to acetylcholine by thiocyanate. The mechanism of action of 
thiocyanate on the acetylcholine sensitivity of the normal and eserinized rectus 
was studied in order to determine whether or not the eventual sensitization is due 
to physostigmine (21, 23). As far as veratrine is concerned, contradictory re- 
sults have been reported concerning its effect on acetylcholine sensitivity (3, 14, 
10, 18, 19, 20). 

a) Normal muscle. The action of thiocyanate on acetylcholine sensitivity is 
remarkably regular and rapid. This can easily be demonstrated by comparing 
the effects of the same doses of acetylcholine with and witliout a two to tliree 
minute previous e.\'posure to 1 ;2000 thiocyanate. The action of acetylcholine is 
consistently increased by tliiocyanate although the degree of sensitization is vari- 
able from preparation to preparation. On occasion it may be sh'ght. Under 
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these conditions, the response to thiocyanate :acetyIchoIine is consistently greater 
than to acetylcholine alone. Sometimes the sensitization is relatively marked, 
but the shortening produced by thiocyanate: acetylcholine is rarely more thnn 
double that of the control (fig. 4) . In all cases, the sensitization obtained is much 
less marked than observed for potassium under the same conditions. It is also 
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Fiq. 4. MusciiC Kept in Ringer’s Soeution fob Houbs 
Successive tests verc made fifteen minutes apart. A — 0.76 cc. acetylcholine 100 
mgm./Iiter; B — 0.75 cc. acetylcholine 100 mgm./liter, three minutes after NaSCN 1:2000; 
G^.5 cc. acetylcholine 100 mgm./liter; D — 0.5 cc. acetylcholine 100 mgm./liter, three 
minutes after NaSCN 1:2000; E— 0.5 cc. acetylcholine 100 mgm./liter; F-^.5 cc. acetyl- 
choline 100 mgm./liter, three minutes after NaSCN 1 :2000. 

Fig. 5. Muscle Kept in Ringer’s Solution for Two Hours 
Successive tests wore made at fifteen minute intervals. A — 0.5 cc. acetylcholine IM 
mgm./liter; B — 0.5 cc. acetylcholine 100 mgm./liter, three minutes after NaSCN 1:2000; 
0^.5 cc. acetylcholine 100 mgm./liter. 

Fig. 6. Muscle Kept fob Four hours in Ringer-phtsostigmine 
Solution (30 Mgm./Liter) 

Successive tests were made at fifteen minute intervals. The muscle for this experiment 
was taken from the same frog as that for figure 5. A— -0.25 cc. acetylcholine 100 mgm.,aiter; 
B — 0.25 cc. acetylcholine 100 mgm./liter, three minutes after NaSCN 1:2000; C— 0.2o cc. 
acetylcholine 100 mgm./liter. 

immediately and completely reversible by repeated tvashings with normal 
Ringer’s solution. 

b) Eserinized muscle. Muscles were eserinized by soaking for at least three 
hours in Ringer’s solution containing 30 mgm. physostigmine salicylate per liter. 
The action of physostigmine wms demonstrated by the increased acetylchohne 
sensitivity of the preparation compared to control muscle from the same frog. 
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The action of thiocyanate on the ncctylcholinc sensitivity of cserinized muscles 
vas similar to that seen in normal muscles. Tiie magnitude of tho sensitization 
was not significantly altered by physostigminc (compare fig. 5 with fig. G). This 
indicates that the thiocyanate lacotylcholmc sensitization is not due to inhibition 
of cholinesterase. 

Disoussio.n'. The pharmacological interest in tho potassium sensitization pro- 
duced by thiocyanate is duo to the spccificitj' of this notion, ^\^lile tliis speci- 
ficity must be considered in terms of a more complex ionic balance (3, 10), the 
use of tho e.\prossion "sensitization to potassium” remains convenient. 

The persistence of tho qualitative effects of verntrino and similar drugs on 
curarized muscle .shows that these effects, including the characteristic marked 
sensitization to potassium, are essentially independent of tho acetylcholine which 
may bo rele-ascd bj' potassium. This release of acetylcholine has been demon- 
strated for various effectors and has also been observed in the case of tho frog’s 
rectus (17). Our quantitative studies sliow that there is no "acotj’lcholinic” role 
in the increased reaction to potassium produced by thiocyanate. The "vera- 
trinic” potentiation of the potassium ion produced by thiocyanate is unaffected 
when curarization inhibits tho effect of acetylcholine. Therefore, curare plays 
no part in the mechanism of tho action of thiocj’anato. In this sense, tho action 
is specific (or the potassium ion. 

Curarization decreases tho potassium sensitivitj’ of muscle, probably as a result 
of a direct antagonism between curare and potassium. Curare increases tho rate 
of loss of potassium from the muscle (22), and a decrease of the potassium content 
of tire muscle makes it less responsive to potassium (23). Curare probably docs 
not act through an inhibition of acetylcholine action (11). 

In the present state of our knowledge, no conclusion can bo drawn from tho 
fact that physostigminc sensitizes the rectus to potassium (23) since tho action of 
physostigminc mi^it be complex and not simply due to inliibition of tissue cholin- 
esterase and potentiation of tho still hypothetical "acetylcholine component" of 
potassium action. 

The concept of tho duality of acetylcholine action is strengthened by our re- 
sults. Physostigminc is seen not to affect tho increased sensitivity to acetyl- 
choline produced by thiocyanate. Consequently, this effect of thiocyanate is 
probably not due to an inliibition of cholinesterase. A direct action on tlie 
muscle is an unsatisfactoiy explanation mnee tliiocyanatc does not increase tlie 
shortening of the rectus when this reaction is elicited by means which do not 
permit the inten'cntion of tlie potassium ion {c.g. sliortcning induced by quinidine 
(24)). Thiocyanate probably sensitizes the muscle to acetylcholine because it 
potentiates the effect of potassium. It is well knoivn that acetylcholine releases 
potassium from sensitive preparations. Under tho influence of thiocyanate this 
potassium would become or remain “active". The increased response of tho 
preparation to acetylcholine would thus be duo to the addition of a "potassium 
component”, potentiated and revealed by thiocyanate, to tlie basic “acetyl- 
choline component”. Each component would be modified independently by the 
action of specific drugs. 
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This hypothesis also explains the remarkable disproportion between the in- 
creased responses to potassium and acetylcholine when the preparation has been 
exposed to sodium thiocyanate. It does not exclude the possibility that potas- 
sium may also be directly involved in the action of the “acetylcholine component” 
itself as a later and necessary step of this action. 

SUMJmRY 

1. The properties of sodium thiocyanate as a sensitizer for the potassium ion 
are demonstrated by means of the frog rectus preparation. These include the 
effect of thiocyanate on the intensitj', rapidity and reversibility of the action of 
potassium. 

2. Curare slightly lessens the sensitivity of the preparation to potassium, but 
it does not quantitatively affect the process of sensitization to potassium pro- 
duced by thiocyanate. Acetylcholine plays no significant part in the mechanism 
of the increased response to thiocyanate : potassium. The action of thiocyanate 
is therefore specific. 

3. Thiocyanate increases somewhat the acetylcholine sensitivity of the prep- 
aration. This effect is not quantitatively affected by physostigmine. 

4. The increased acetylcholine sensitivity appears to be due to the action of 
thiocyanate on a “potassium component” of the effect of acetylcholine. 

I am greatly indebted to Dr. Louis N. Katz for editing this report. 
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ox Tnn Airciivxis^r or tiic acute toxic Acnox or 

TIIIOCYVXATE 


rnvN/ GOLDSTEIN ASD mmi noBruTsox' iiolburn 

Deparlmcrt of Surgical Hcrcarch, Jefferson Medical College, PI tladelpha^ Pennsyhania 
Rcceuccl for publicntion Mnrch 2o, 19-19 

Ihe toxic m'lnifcsUitions of tluoc 3 An*itcs (SCX) ha\c been ropcatcdlj do- 
senbed in the litenture (1, 2, 3)» and fc\orfll fntabtic^^ resulting from the thcra- 
pGUtip ndmimstration of the dnig to b>pDrtcnsi\c patients have been reported 
(4, o) Ho^■\c^cr, the mechanism of the toxic action of thioejanates has nexer 
been «ati«factonlv explained Sexcral theories liaxc been ndxnnccd (G, 7) but 
haxenot been confirmed b\ ‘aib'^cquent mxcatigators (8, 0) 

An exptnmental slud> on dogs v\as undertaken to mxcstigate the effects of 
high toxic do«es of lUiocxanatc on the oxxgcn content and ox-igen capacity of 
blood There xx ns reason to hope that the results of such an mx csligation might, 
at least m part, clarify the mechanism of the toxic action of thiocj anatc 

ExrEHUirxTAL. Six cormnl male dogs, ranging m xscight from 10 C to 22 kgm , were 
used for the experiments Dogs 1, 4, and 6 rcccixcd toxic sublcthal doses of sodium tbio 
c>aQato, dogs2, 3, and C x\crc gvxca lethal doses The ihiocj anatc xvas admioistcrcd intra 
\ eiiousl> , as a 7 per cent sterile solution ith the exception of dog 1 , xrhich received iv, o 
do«‘es, the drug v>ss gnen in a single dose Sub lethal effects ucro produced b> the admin 
wtration of 200 togin of XaSCV per kgm of body xvcight, ubereas the injection of 300 mgm 
IsaSCX per kgm ofbod) xn eight proxed to bo a fatal dose Venous and arterial blood was 
drawn xntbout stasis into hepann containing Lucr lock EXTinges, carefullj axoiding tho 
introduction of air The sjnngex were immcdiotclj capped with soldered needle ends and 
kept on ICO until the blood was used for aniljsis Samples were drawn before the injection 
of thiocjanato and at xarjing time intcnnls after injection Tho femoral artery was 
punctured m mr»st ca*!cs The carotid arter> was used in two instances \ cnous blood w as 
obtained from peripheral acins of both upper and lorcr limbs Tlie arterial and \cnous 
blood 0x5 gen content and capacitj were determined b> the method of Van Sljko and Iscdl 
(10) on dogs 1, 2, 3, and G The method of Houghton and Echolandcr (11) was used for the 
oxj gen determinations on dogs 4 and C The oxj gen content values of venous blood samples 
taken from xeins of both upper and lower limbs at approximately tho samo lime, were 
checked on seicral occasions and were found to bo in close agreement Hematocrit was 
determined by the comcntional Wlntrobo method Tho hematoent readings were con 
X'erted into grams of hcmoglobin‘, and the hcmoplobm values thus obtained were used for 
calculating the approximate oxygen capacity Tho calculated oxygen capacity values 
were obtained by multiplying tho number of grains of hemoglobin per 100 cc of blood by 
1 34 (the amount of oxygen in cc held by one gram of hemoglobin) TUiocyanato was 
detetimnedby the method of Crandall and Anderson (12), as adapted to the Idett Summer 
son photoelectric colorimeter, aud expressed as mgm NoSCN per 1(X) cc of plasma \11 
detenninations were earned out in duplicate w ith difi'crences betw cen individual readings 
nexcrcxceeding the conventional limits of error of tho methods In all gas determinations 
the maximal diflercnccs between duplicate readings were withm 0 2 volume per cent 


* With the aid of charts described by Phillips et al , Bull U S Array Med Dept , 71 
CO, 1943. 
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Complete control values were not obtained on dog 1. This dog fully recovered. Three 
weeks after the thiocyanate had been administered, no thiocyanate could be found in the 
plasma. At this time the blood was again analyzed for o.xygen content, capacity and 
hemoglobin concentration. It is believed that these values can safely be accepted as 
controls. In dog 2 an arterial blood sample was not obtained after the injection of 
thiocyanate. 


TABLE 1 


Complete data of one rcprcecnlative cxperimenl (dog 4) 


DATE A>'D TlilE 

Sg 

to ^ 

go 

1 

1 NaSCN ' 

1 CONC. 
PLASMA 

6 

|g 

O 

K 

4 

U M 

r4 

o 

ART. Oj 
CON- 
TENT 

AST. Oj 
SATO- 
RATION 

VENOUS 0* 
CONTENT 

VENOUS 

Oi 

SATU- 

RATION 

A-V 

DITFER, 



1 body ; 
! wi. 



vol. 

per 

cent 

voL 

per 

cent 

Tol. per 

cent 

percent 

vol. 

per 

cent 

percent 

voU 

percent 


8/24/48 
9:45 AM 
4:00 PM 

200 

1 

i 

; 

0 

! 75.4 

1 

1 

1 

42 

40 

1 

19.0 

18.1 


18.5 i 

i 

91.0 

10.1 

11.25 

49.7 

62.3 

8.4 

Control 
Weakness, 
twitching 
of limbs 
and head 

i 

8/25/48 
11:00 AM 

i 

68.2 

41 

18.5 

1 

18.07 

15.2 

84.1 

13.62 

75.4 

1.5S 

Increasing 
weakness, 
rapid shal- 
low breath- 









I 

1 

1 

ing 

1 

8/26/48 
10:00 AM 1 

1 

j 

1 


49.5 

37 

I 

[16.75 

! 

;16.41 

i 

1 

1 


t 

12.61 

1 

76.8 

1 

! 

Condition 
slightly im- 
proved, 
edema anWe 
right hind 
leg 

8/28/48 
10:00 AM 


22.3 

l30.5 

il3,8 

! 

15.6 

13.9 

89.1 

10.5 

67.3 

3.4 

Greatly im- 
proved 


Results. The most marked change observed was a rise in the venous oxygen 
content and saturation. This occurred in all six dogs following the injection of 
thiocyanate. Dog 6 is an exception in so far as the rise in oxygen content was 
not accompanied by an increased oxygen saturation due to the increased oxygen 
capacity (probably as a result of hemoconcentration). Grossly the venous blood 
of the intoxicated animals assumed the bright red color of arterial blood. Simu - 
taneously the arterial oxj’^gen content and saturation, when determined, were 
found to be decreased in each instance. This simultaneous increase in the venous 
oxj'gen content and decrease in the arterial oxygen content reduced the arteno- 
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venous oxygen difference in four dogs studied to 1.‘15, 1.6, 2 0 and 1.38 vol. per 
cent, respectively. In the dogs that had received lethal doses of thiocyanate, a 
widening of the arterio-venous oxygen dificrence u as observed in the terminal 
stages concomitantly unth clinical signs of x-cnous stasis, shock and circulatory 
collapse. • 

Significmit changes in the blood oxygen capacity after the administration of 
tliiocyanate, ns compared with the assumed (calculated) oxygen capacity calcu- 
lated on the bivsis of the hematocrit values, were not observed. 

The arterial oxygen saturation after thiocyanate administration (measured on 
dogs 1, 4, 5 and 0) was found to be significantlj' reduced uith a minimum reduc- 
tion of 2.8 per cent and a max-imtim reduction of 21.9 per cent of the control 
saturation. 

In fable 1 the complete data of one representative experiment (dog 4) are given. 
In table 2 the means of the arterial and x-enous oxygen saturations and of the 
A-V oxx'gcn differences at the height of the intoxdcation are compared u ith the 
respectix'o control x-alucs. 

TABLE 2 


Compariion of raacntiat data before and after the od/ninielrotion of thiocyanate 



vtAs coxnoi 

utA V y ALcxs AT nnonr 


VAUM 

or ivTOUCAnov 

Artcrhl 0? saturation (4 dogs)--pcr cent 

: 05.7 

8S.1 

Venous Oj saturation (Q dogs)— per cent 

C3.S 

73.0 

A-V o\ygen difTorcncc <4 dogo)— noI. percent 

0.00 

1.03 


Toxuc manifestations ucro also recorded in each instance. The severity of 
BjTnptoms seemed to parallel the narroxving of the arterio-venous oxygen dif- 
ference, although there xvcrc wide diflerences in the severity of the sjTnptoms be- 
txveen indix'idual dogs. The most prominent symptom was muscular xx cakness. 
Conx-ulsive txxitching xx-as noticed in four, diarrhea also in four, and X'omiting in 
txvo dogs Xcrx'ous sxTnptoms, such as irritability, incoordinated mox'emcnts 
and xxnld behaxnor xx-ero evident in four dogs, xxith txxo dogs showing the latter 
sj'mptoms only slightly. Rapid, shnlloxv breathing xxas obserxed in thice ani- 
mals. Dogs receiving lethal do=es reached a condition of deep coma before death. 
In the dogs receiving sublothal doses, the sex'crity of the clinical manifestations 
diminished concomitantly xxith xx'idening of the oxj'gcn .span and deciease of the 
plasma thiocyanate concentration. 

Disccssiox. The transfer of oxj'gcn from the blood to the tissues occurs dur- 
ing the blood’s passage tlirough the capillaries, and xxith a constant blood Ilow 
the amoxint of oxj’gen taken up bj' the tissues xx'ill be directly reflected bj' the 
arterio-x'enous oxj-gen difference (A-V difference). A reduced A-V difference 
xxith no change, or a decrease, in blood flow is indicative of a reduction in the 
oxj'gen uptake bj' the tissues. In the animals studied, the A-V differences, after 
the administration of high toxic doses of thiocj-anate, were found to be reduced 
to about one-third or one-fourth of the normal resting values. The peripheral 
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blood flow was not measured but, on the other hand, there was nothing to suggest 
an increased peripheral blood flow. All blood samples were taken in a room with 
relatively constant temperature and while the animals were lying quietly on an 
animal bench. Thus it seems likeb'- that the small A-V differences reflected an 
abnormally low oxj'^gen uptake by the tissues. 

The narrow A-V oxygen difference, due mainly to the rise in the venous oxygen 
saturation, observed -with acute thiocyanate poisoning, resembles a similar re- 
duction of the A-V difference produced by cjmnide poisoning. All symptoms 
reported here, including gastrointestinal and nervous, can be satisfactorily ex- 
plained on the basis of hypoxia (13). It seems, therefore, that the condition pro- 
duced by toxic doses of thiocyanate could be regarded as one of histotoxic hy- 
poxia (anoxia). 

The high venous oxj’-gen saturation in the intoxicated animals suggests that 
thiocyanate interferes with the functioning of the respiratory enzymes. This 
view may be supported by evidence produced by other investigators. Friend 
and Robinson (14) have shown that, under the experimental conditions they 
have used, NaSCN depressed the oxygen consumption of rat liver tissue, and 
they compared the depressing effects of thiocyanate to similar effects of traces of 
potassium cyanide and chloral hydrate. The possibility of thiocyanate being 
converted in the body into cyanide has been ruled out by the investigations of 
Taubmann el al. (15). The same authors also reported that the isolated muscle 
of the rabbit showed lowered resistance to strain and a reduction in work output 
w'hen exposed to the action of thiocyanate. Barker (16) was the first to report 
lowered basal metabolic rates in patients receiving thiocyanate. Jung (17)) 
starting out from the considerations, first, that all substances that have 
the capacity of combining with methemoglobin appear to be enzyme poisons 
(18), and second, that thiocyanate is known to inhibit the action of catalase, in- 
vestigated and found that thiocyanate combines with methemoglobin. The 
formed SCN-MetHb complex was found to be less stable than any of the analo- 
gous CN — , SH — , and azide-MetHb complexes. 

Direct studies of the oxygen consumption of tissue specimens, obtained from 
thiocyanate-poisoned animals should be performed in the Warburg apparatus in 
order to conclude definitely that thiocyanate interferes with normal tissue respir- 
ation. However, evidence presented supports the hypothesis that thiocyanate 
after entering the cells blocks the respiratory enzymes and thus interferes vith 
the normal oxygen uptake by the cells. 

The observed reductions in the arterial oxygen content and saturation were 
probably due to insufficient pulmonaiy ventilation. In the animals in which the 
fall in the arterial oxygen saturation was most pronounced, rapid, shallow breath- 
ing was particularlj’- stiiking. The insufficient pulmonary ventilation may have 
been caused by a direct depression of the respiratory center. Anoxia is Imown 
to have a depressing action on the respiratory center (13, 19), but reflex stimula- 
tion from the aortic arch and the carotid bodies usually outweighs the depressing 
effects in the intact organism. Since stimulation of the chemoreceptors is caused 
by low oxygen tensions and increased H-ion concentrations, this stimulation ma}* 
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woll be nb?cnt in the case of the specific tj-pc of anoxia produced by thiocyanate. 
On tlio other Imnd, tlie inadequate pulmonary ventilation could have been the 
result of a wc.ahness of the respirator}- muscles, since, as had been stated before, 
Renenal muscular wc.ahncss was an outstanding ss-mptom. 

The studies reported here are concerned only with the mode of the acute toxic 
action of thiocyanate. S}’mptoms appearing on prolonged thiocyanate therapy 
or experimental thiocyanate administration, such es anemia and emaciation, the 
goitcrotrophie cllect.s, or dermatologic manifestations (3), may depend entirely, 
or in part, on different mechanisms. 

SUMMAIIY 

1. Lethal and .sublethal dose.s of sodium thiocyanate were given to six dogs, 
and changes in the arterial and venous o.xygen content and capacity in peripheral 
blood were observed. 

2. A marked rise in the venous ox}'Ken content and saturation after thiocyan- 
ate administration was obscrr-cd. 

3. The arterial oxygen content and saturation after thiocyanate administra- 
tion were found to be decreased significantly. 

4. In four dogs on which complete studies were performed, the arterio-venous 
ox}-gcn difference at the height of the intoxication was found to bo reduced to an 
average of 1.03 vol. per cent from a control average of 0.99 vol. percent. 

5. The clinical picture of acute tlriocyanate poisoning appears to bo that of an 
histotoxic hypoxia. The hypothesis is advanced that the acute toxic effects of 
thiocyanates arc due mainly to their respirator}- cns}-mc blocking properties. 

Acknowledgement: The authors wisli to express sincere thanks to Dr. John H. 
Gibbon, .Ir., Professor of Surger}’ and Director of Surgic.al Research, and to Dr. 
Frank F. Allbrittcn, Jr., Research Associate in the Department of Surgical Re- 
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vice and help with the preparation of the manuscript. 
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A number of reports lirtve appeared in the literature concerning the effect of 
penicillin upon tlio clotting activity of blood. Moldavslcj', Hassclbrook, Cateno 
and Goodwin (1) and Macht and Ostro (2) reported that penicillin decreased the 
clotting time of blood in human subjects in direct proportion to the concentration 
of tlie penicillin. Macht (3) made a comparative study of the effect of the vari- 
ous penicillin fractions upon tlio clotting activity of several different species of 
animals (rabbit, cat and dog) and the human. The clotting aetbity of each was 
markedly decreased, more so in the rabbit than in the other species. The effect 
of the penicillin fractions in order of increasing activity was X, K, G, F, and G 
andX. 

Fr.ada (4) commented upon the “frequency of embolisms of the largo blood 
vessels occurring in the course of penicillin therapy in acute and subacute bac- 
terial endocarditis". He stated that penicillin increased the coagulability of the 
blood and diminished the resistance of the pathological segments of the endo- 
cardium with consequent formation of thrombi. 

Hines and Kessler (5) studied the clotting activity of the blood of two patients 
with subacute bacterial endocarditis that were receiving penicillin. They re- 
ported a rise in the heparin tolerance curve, thus implying a decrease in thrombo- 
plastio activity of tlio blood. 

Fleming (G) demonstrated tliat high concentrations of penicillin in vitro re- 
tarded blood clotting; however, the concentrations of penicillin used were much 
greater than the usual therapeutic level. 

Because of the conflicting reports, and Uie widespread use of penicillin clini- 
cally today, it seemed desirable to evaluate and repeat tliese studies. 

PnocEDUiiE. Any Investigation of clotting activity of necessity involves a study of some 
complex phenomena concerning wliich our present state of knowledge is quite meager. Nu* 
mcrous laboratory methods for measuring the clotting activity of blood have been reported; 
however, each sets up a number of arbitrary conditions which cannot occur in the human 
body. Of all the testa devised, the simple capillary tube or the Leo ^^’hlte clotting method, 
the determination of prothrombin time, cither of whole plasma as described by Quick (7), 
or of dilute plasma as devised by Link (8), and Shapiro (0), and the heparin tolerance curve 
as described by dc Takats (10), probably ^vc the most reliable results. 

In the present study, the clotting activity of the blood of 24 normal subjects was investi- 

> These studies were aided by a grant from tho Commercial Solvents Corporation, New 
York New York. 
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gated both before and after the administration of penicillin. Capillary tube clotting times, 
prothrombin times by the dilute plasma method, and heparin tolerance curves were per- 
formed on three consecutive days for each subject in order to establish control leveb. 
Three hundred thousand units of penicillin G in beeswax were then administered intramus- 
cularly to each subject. Clotting times, prothrombin times and heparin tolerance curves 
were repeated one, six and twelve hours after injection. 


TABLE 1 


SOTJECT 

CLOTTINO TIME BErORE PENICUXIM 

DAILV COKTROES 

CLOTTING TIME AITEB 300,000 UNHS 
PENiaLLIN IN WAX 

piBH 

2 

3 

1 hr. 

6 hr. 

12 hr. 



minuUs 

minutes 

minutes 

minutes 

minutes 

1 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2 

4.0 

3.0 

3.0 

2.5 

2.0 

4.0 

3 

2.5 

3.0 

3.5 

4.0 

3.0 

3.0 

4 

4.0 

5.5 

4.0 

4.0 

4.0 

3.5 

5 

3.0 

3.5 

3.0 

4.0 

4.0 

4.0 

6 

2.0 

2.0 

3.0 

4.0 

4.0 

3.5 

7 

4.0 

3.0 

4.0 

3.0 

3.0 

3.5 

8 

3.0 

2.5 

2.0 

2.75 

2.5 

2.75 

9 

2.5 

3.0 

3.0 

2.0 

5.5 

4.5 

10 

3.5 

3.0 

3.5 

2.5 

3.5 

3.5 

11 

2.5 ! 

3.0 

3.0 

3.0 

3.0 

3.0 

12 

1.5 1 

2.0 

3.0 

3.0 

2.0 

2.5 

13 

3.0 

3.0 

2.5 

2.5 

2.5 

2.5 

14 1 

2.0 

3.0 

2.5 

3.5 

3.0 

3.5 

15 

4.0 

3.0 

2.5 

4.0 

4.5 

4.0 

16 

3.0 

3.0 

2.5 

2.0 

2.5 

2.5 

17 

3.0 

2.0 

2.5 

3.5 

3.0 

3.0 

18 

3.0 

3.5 

3.5 

2.5 

3.0 

2.5 

19 

3.0 

3.5 

2.0 

3.5 

3.5 

3.5 

20 

2.5 

2.5 

2.5 

3.0 

3.5 

3.5 

21 

3.0 

3.5 

4.0 

2.5 

3.0 

3.5 

22 

2.5 

3.0 

3.5 

2.5 

3.5 

2.5 

23 

3.5 

3.0 

2.5 

2.5 

3.5 

2.5 

24 

3.5 

3.0 

2.5 

3.0 

3.5 

3.0 

Daily average 

2.95 

3.0 

2.93 

3.01 

3.25 

3.19 

Whole average 


2.96 



3.15 



The results are presented in tables 1 and 2 and figure 1. It can be seen that 
no significant alteration of the clotting time, prothrombin time or of the heparin 
tolerance curve occurred. 

Four additional subjects were studied in a like manner after the injection of 
300,000 units of crystalline penicillin G in saline. Again, no significant altera- 
tion of the clotting time occurred as a result of the penicillin injection (table 3). 

The results of these studies indicate that penicillin fraction G caused no altera- 
tion of clotting activity in the normal human subject, when administered in the 
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TABLE 2 


ICBJtCT 

P»0TIT*0«BtN TtVZ 

stroxE tzincitivt 

MOTOtOVniV TlifE APTt* PEKICIttl*. 

1 hr. 

6 hr. 

12 hr. 

1 


ncpnit 


itcenit 

o 

— 

— 


— 

3 

— 

— 




4 

39. C 

47.6 


39.0 

5 


30.0 



G 


33.0 



7 


34.0 

34.5 


S 


29.0 

34.5 


0 


— 


— 

10 

35.0 

30.0 

39.6 

3S.5 

11 

41,5 

41.5 

44.0 

40.6 

12 

— 


— 

— 

13 

32.75 

31.7 

37.7 

43.0 

1^ 


3S.5 

3G.0 


15 


•17.5 

36. G 

37.25 

IG 

30.2 

41.25 

3S.0 

38.25 

17 

40.0 

43.75 

... 

33.0 

IS 

35.5 

40.75 


44.0 

10 

35.75 

37.0 

40.0 

43.5 

20 

3S.S 

43.0 

39.75 

33.6 

21 

32.5 

33.6 

34.5 

34.25 

22 

33.5 

37.5 

43.6 

34.0 

23 

33.5 


35.5 

37.0 

24 

40.6 

33.0 

45.0 

37.0 


BEFORE PENICILUH 


AFTER PEN1C1LUN 



CWtests or> Z4 subjetts) 


Heparin response Z,(. and 
lEhri after pen'tmin 
(TEtesis on E4 subjects) 


EO 30 40 lo Eo 

Minutes alter hepann 
rio. 1 


usuol therapeutic dosages. We think it particularly significant that these studies 
were made on normal human subjects rather than upon subjects mth vascular 
diseases where emboli and thrombosis are the rule instead of the exception. 
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TABLE 3 


SUBJECT 

1 

CLOTTING TlilE BETOBE PENICILLIN 

1 DAILY CONTROLS 

CLOTTING TIME ATTEE 300,000 UNITS 
PENICILLIN IN SU.INE 

■BHI 

2 ’ 

1 ' 

1 1 hr. 

6 hr. * 

12 hr. 



minutes 

! minutes 

1 minutes 

minutes 

mimiles 

1 

3.1 

3.25 

' 4.25 

5.7 

2.5 

4.7 

2 

3.0 

3.0 

3.0 

4.0 

2.7 

2.7 

3 

3.7 

3.0 

3.2 

4.2 

4.0 

3.0 

4 

1 

4.0 

4.0 

4.0 

3.5 

3.25 

3.0 

Daily average . . . . j 

3.46 

3.31 

3.61 

4.35 

3.1 

3.35 

Whole average — 


3.46 


I 

1 

1 

3.6 

i 

j 


smaiAjRY 

1. The effect of penicillin on the clotting activity of blood was measured in 24 
normal subjects before and after the administration of 300,000 units of crystalline 
penicillin G in wax and oil. There was no significant alteration in the clotting 
time, prothrombin time, or heparin tolerance curve. 

2. Similar results were obtained with four normal subjects following the ad- 
ministration of 300,000 units of crystalline penicillin G in saline. 

3. It is concluded that penicillin G has no effect on the clotting activity of 
blood in normal human subjects. 
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ox TIIK AXTAGOXISM HKTWEEX PKESSOU AND DE- 
PHESSOU AGENTS IN THE FROG'S IIEAIVD 

OTTO LOEWI 

Dffutrtnicut of ]*}iarn\ncoU)0>i, A*cu I’orl Cniiersiltj Collcne of MaUcinc, .Ycit York 
ncccj\o(l for puhlic'itioii Af irch 20, 1010 

It luis iccpntly boon bhown tliat tetiac(h\*lnmmonium (TEA), known to nn- 
tagonire the aetion of vagoniimclK* <lriigs on the frog’s heart, antagonircs al?o 
the action of potassium (K) (1). In older to find a Unitarian explanation of this 
result, the po':Ml)ilitywasdi‘'CU‘?'>cdwhothcr the final ctToct of vngomimetic drugs 
was due to K liberated by them. It has been definitely pioven that K can 
liberate acetyleliohnc (AcCh) (2) but not the rcvci‘*e, i c. that AcCh can liber- 
ate K If the latter were so it is lobe expected that any pressor drug which an- 
tagonizes the efToct of K sliould aKo influence that of AcCh. The question 
appeared to merit further investigation. 

MiTiions The cvppnmcnis ncrc iK^rformed on tlic isohilrd frojj hc'irt (Uaaa Pipicns) 
nttaclicd to a Stnml» cinnula The Itinpcr soUitMU) u«»v(l Imi the follouinR coinpD^itioir 
O.'ipm NaCbOOInm KCI, 001-0 02 gni CnClt,002Rm N'ulICOj ami water to m ikc 100 
cc of ‘sohitioii \oCh fiersed repro‘5cntnli\c of tlic vnBomunrlic druR.*? ar»l opuiephnno 
and sodium olcate as pre«sor nBcnts The list two dnips air supposed to act on surface 
receptors other thin tlioio acicd upon by AcCh or 1C, resi)ccli\ei\ Hence an incidental 
functional nntaKoni^m would not be the consequence of competition for the same site but of 
the opposite function d (ffccls (pUj'sioloKical nnt’iBoiusm) Tor reasons to lie <hscusscd 
later the action of iiucloatidcs and nucleosides was aNo jn\ cstiKatcd and ih it of TE V re- 
cxamincil 

In order to be able to comp ire cxactlx the effect ofaugmcnlor npcnls on the action of tlio 
AcCh and K, respect i\ eh , it wjls access iry to u«e concent rat ions of these depressor (ipcnts 
which decrciscd the amplitude of the aonincular bents to about the Paine amount De- 
pressor and pres«»or aRents ncrc not administered stmuU tncouslx ; the depressor was added 
first and the jircspor piicn onlj when the dcprissor cITcrt had been fuH> dc\ eloped. 

KFFUCT OF PUKSSOU AGKNTS OX* TIIK Df.PJtFSSOIl EFILCT 
OF AcCll AND K 

1. Epinephrine The comp.anson of tlic effect of epinephrine upon the ven- 
tnculfir amplitude pieviously tlcpressed by AcCb or K to tlic s.imc extent shows 
as a lulc that during K depression epinephrine acts as it dots on the normal heart 
whereas it is almost or entirely inactive during AcCh depression even in doses 
pioducing a maximal effect upon a normal heart (fig 1). Fig. 2 demonstrates 
that epinephrine during AcCh dcprc'-Mon has an inconspicuous effect in a dosage 
eight times as laigc as that producing a normal effect dunng K depression. 
Fig 3 shows that an AcCh concentration which only slightly decreases the 
amplitude stiongly inlubits the epinephrine effect. 

2 Eodium Olcate. Upon pi olonged perfusion w ith Ringer solution, frog hearts 

* Auled bj grants from tbo Dazmn roundation and the ItockcfcJJcr Toutulniioa, 
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in time become extremely hypodjuamic because of their increasing susceptibilitv 
to the effect of the K contained in the Ringer solution. Tliis is due to the gradual 
loss from the heart of lipoids. Addition to the Ringer solution of these lipoids 
almost immediately' causes the hj-podymamic heart to recover (3). The lipoids 



Fig. 1. IxFLVExcE or .\cetvlchouxe (.\cCh) .vx» Pot.^ssicxi (K) : . 

RESPEcrrrEi.Y ox the Epixephri.ve Effect 
1. Einger; 2. .4cCh lO”®; 3. .-teCh 10"* 4- epinephrine 10“*; 4. KCl 0.059f ; 5. KCl 0.05$^ + 
epinephrine 10“*. 



Fig, 2. Ixfeuexce or Acetyi.choeixe (.\cCh) ox the Effect of 
Excessive Doses op Epi.xephrixe 

1, Ringer; 2. AcCh 0.5 X 10“*; 3. 0.06% KCl i + epinephrine O.o X 10"® I + epinephrine 
4 X 10--S. 

can be substituted by the sodium salts of some fatty* acids especially' of oleic acid. 
It has also been shoirn that these lipoids protect tlie heart against the effect of 
other depressants (4). 

The results obtained yvith sodium oleate in regard to its antagonism against 
AcCh and K correspond yvith those obtained yvith epinephrine; oleate is ^vithout 
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3. Tetraethylammonivm. As shoirni in a former paper (1) TEA e\^en in doses 
ineffective on the normal heart antagonizes the effect of vagomimetic agents and 
of K. Further experiments with TEA were conducted in the same Avay as those 
reported above in order to compare more exactly the effect of TEA upon the 
action of AcCh and Iv, 

The experiments demonstrated, as was to be expected from the results of pre- 
viously published work (1), that TEA, in contrast to epinephrine and oleate, 
antagonizes the action of AcCh as well as that of K (fig. 5). In addition, how- 
ever, they showed (fig. 5) that the character of the recovery by TEA from de- 
pression is quite different. Though in both cases the recoveiy starts immediately 
in the case of K depression it proceeds gradually while in the case of AcCh 
depression the pulse amplitude rises steeply immediately after addition of TEA 
and usually after a few pulses the level of the normal heart beat is reached again. 
Not even with atropine does such a sudden rise occur. With concentrations of 
TEA not sufficient to produce a full recovery the rise as a rule is also steep. 



Fio. 5. IxFLUcxcE OF Tetraethvlam.voniu.m (TE.A) on the Effect of 
Acetvlcholine and Potassiuxi Respectively 
1 . Ringer; 2. 0.06% KCl ; 3. 0.067o KCl -f- TEA 0.5 X 10-=; 4. AcCh 0.5 X lO'’; 5. + TEA 
0.5 X IQ-K 

Concentrations of TEA which are sufficient to produce recovery from AcCh and 
K depression are, as has already been shovm in a foimer paper (1), below those 
necessaiy to cause an increase of the amplitude of the beat of a normal heart. 
This suggests that under the condition of AcCh and K depression the heart is 
more responsive to TEA. Increased responsiveness, however, does not explain 
the difference existing between the restorative effect of TEA on hearts depressed 
by AcCh or K, respectively, TEA applied in doses insufficient to raise the pulse 
amplitude of the normal heart increases the amplitude above this level if ad- 
ministered during K depression but not during AcCh depression. Furthermore 
increased responsiveness does not e.xplain the differences in regard to speed and 
character of the response to TEA by a heart depressed bj’’ AcCh or b}^ K or by a 
normal heart. In the latter case, except with very high doses of TEA, the in- 
crease of the amplitude proceeds verj' slowl 3 ’' and reaches its maximum only after 
manj^ minutes. Fig. 6 demonstrates this action of TEA on the normal heart and 
contrasts it with the action of the same dose of TEA upon the same heart de- 
pressed bj" a very large dose of AcCh. In view of the structural similaritj'’ be- 
tween AcCh and TEA Clark (5) assumed substrate competition to be the cause 
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of the nntnRonibin. As one wny of checking tlie correctness j)f this \icw, we 
sliulietl the hclmvioi of Tl^ V in couiitorncting not only the (lccica''e of the pulse 
ami)litu<lc hut aKo othei cliaia( tciislics of AcCh action. One of them consists, 
as has been show n above, in the deenM^'O of reaction of the AcCli-dcpicsscd licart 
to augmentor agents ^uch as cpineiihrinc or sodaim olcatc lienee it was in- 
vestigated whotlier oi not this unro‘'ponsivencss w as c ounteracted by TEA. As 



Tio 0 CoMi'Mttsos or Tin Ihnor o» Tb\ os thj Xohmal Hi \nr 
\sj» Tin IliAUT Dinn«sii) jn AtCh 
1 Umpor, 2 AcCh -t X 10-\3 Ti:\ I0->, 4 Hu.per + THV KV* 



Fio 7 Canchiatios a Smaii J)osi oi THA oi tiif Ini rircrnrsiss 
oi lausi^i’inusk wrniM. Arnkwiioiisk Dtenk 'ssios 
1 Hinpcr,2 AtCh 10 *,3 + epinephrine 10“", 4 + THA 10“’ 


fig. 7 shows this is actually the c.i'^c; epinephrine, without effect if added during 
AcCh depression, becomes fully cfTective if added oven during a slight recovery 
by TEA from AcCh depression. This icsuU proves that TEA acts by substrate 
competition 

The possibility oiigmnlly considciod as to whcthci the final elTcct of AcCh 
might be due to release of K is definitely excluded by the ’'Olc fact that the reac- 
tion to pressor agents of a heart dcpiesscd by AcCh or K, icspcctivcly, is quite 
diffeicnt 
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As to the cause of the inhibition of the effect of the pressor agents, except that 
of TEA bj' AcCh, the fact that an inconspicuous diminution of the heartbeats 
produced bj'’ AcCh is accompanied by a great unresponsiveness to the effect of 
pressor agents and that this unresponsiveness is even absent during a deep de- 
pression of the beats produced bj'’ K in the same heart indicates that diminution 
of contractility as such is not the cause. 

It is most likel3" that the specific inhibitory state produced by AcCh is caused 
by its influence upon a Unitarian underljdng mechanism needed to maintain the 
various phj'siological functions such as frequenej^ conduction, contractility and 
excitability in a normal state. Starting from this view Garrey and Boykin (6) 
investigated whether vagus stimulation would affect metabolism. They found 
that the O2 consumption of the resting frog’s auricle was deeply depressed by 
vagus stimulation whereas K even in excessive concentration (fifteen times the 



Fig. S. Infi.uencb of Acetyixihoune if Administered Previously 
ON THE Effect of Adenosinetriphosphate (ATP) 

1. Ringer; 2. ATP 0.25 X IQ-s M; 3. AcCh 10"*; 4. AcCh lO"* -f- ATP 0.25 X lO"' M. 


nonnal) (7) had veiy little or no effect (6). They found, furthermore (8), that 
HCN decreased the O2 consumption to the same extent or even more than vagus 
stimulation without, however, producing the s3'mptoms characteristic of vagus 
inhibition. Hence Garrey (6) correctl3’' concluded that the decrease of the O2 
consumption b3^ vagus stimulation is not the cause of the inhibitoiy actions but 
simply accompanies them. 

Effect op nucleotides and nucleosides on the depressor effects of 
AcCh AND K. In view of the great speed with which the inhiliitory state is 
established b3’' vagus stimulation or AcCh it is necessary to consider (see for 
example (9)) whether there is interference in some way with a process responsible 
for the immediate suppl3^ of energ3'’ needed for all functions. From this point 
of view it seemed worthwhile to investigate whether or not AcCh would influence 
the effect of adenosinetriphosphate (ATP) whose breakdown is supposed to be 
nearest, in time at least, to contraction. We conducted such experiments, 
though on the one hand anal3'^ses of Clark and Eggleton (10) provided no evidence 
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lliat ATP supplies eucrg.vto the eonlnietioii process of the frog licart, and on the 
other hand the visible elTecI of ATI* on the lieart’s aedivity cannot lie nnre- 
stricteilly aseribwl to its inetuholic functions. 

As far hack as 1930 Jjindner and Itigler (11) .‘showed that Ad'P in a concentra- 
tion as low as I0~’ i)roduced an immediate and steep transitorj’ rise of the ampli- 
tudes of the frog heart followcil hy a mticli .*«lower second rise. Applying ATP 
sodium prej>arcd from hariuin or calcium salts, ohtaincil from difTerent sources, 
wc were able to duplicate exactly the rcMilts of Idndncr and Itigler employing 
their concentrations (fig. 8 and 9). We o])scrvrd furtlicnnoie that after a cer- 
tain time, the duration of which depcnderl on the dose applied, the amplitude 
returned slowly to the previous normal level. However after pretreatment witli 
very small concentrations of AcC’h the addition of ATP in concentration*^ varying 
from 10*‘‘ to the strongly efTective level of 0.5 X 1()~^ still j»roduced the primary 



»*.. /. J. f. '• ^ 3. 


1*10. 9. fsn.rrATK or .VcnTrwiioUNK ir AnMt.visTcnKa Pukviocsly 
OR ScHSKQVKVTl.Y ON' THK KrrKtT OP .\l»KVO''1.Vr.TIUl‘nOSIMl<TK (ATP) 

1. Ilingpr; 2, ATI’ 0 2o X lO** M; 3. AcCh U)'»; •!. AcC)» 10-« ATP 0 25 X 10'> M. 

rise but the slow secoiidan’ rise wa.s entirely or almost entirely inhibiteil (fig. 8 
and 9) exactly as wa.s the case with cpineplirine and oleate. As mentioned 
above the cfTect of ATP fade.s olT after a while. 'Phe Itinger solution withdrawn 
at this time and tested for ATP activity by aflministration to a normally beating 
heart i)rovcd to be without cfTcct, thus indieating that ATP was no longer present. 
ATP was found todi.sappear in the same length of tim(5 when it Iiad been adminis- 
tered to a heart previously dcprc.'J.sed by AcCh.* Furthennore the effect of 
corresponding concentrations of the soflium suits of ADP, muscle AMP, adeno- 
sine and pyrophosphate was tested both on the nonnal heart and after previous 
administration of AcCIi: ADP and A^IP acted c.xnctly as did ATP. Adenosine 
did not produce the primary rise and the incrca.^c of the amplitude was much 
slower and smaller; furthermore the increase in response with increasing concen- 
trations was strikingly small. In all cases AcCh inhibited the increase, except 

* In this case the test for ATP was carried out after previous atropinizutioii of the test 

heart. 


302 


OTTO LOETO 


for the primary rise, and did not interfere with the gradual inactivation of these 
compounds as judged by the test employed. 

As with epinephrine and oleate the inhibition by AcCh of the pressor effects of 
the compounds just discussed is specific since it is not produced by K. 

The results showing that the compounds vanish from the fluid exactly at the 
same moment, independent of whether or not the heart was previously influenced 
by AcCh, indicates that AcCh does not interfere with their observable fate. The 
results, however, do not permit a decision as to whether the gradual increase of 
the heartbeats produced by these compounds is due to their specific metabolic 
properties or whether the compounds act as whole molecules. Hence we cannot 
decide either whether the suppression by AcCh of their augmentor action is due 
to inhibition of a metabolic activit 3 '^ or of responsiveness to their augmentor 
action as in the case of epinephrine and oleate. We consider the second alterna- 
tive to be much more likelj^ as many phannacological effects of these agents have 
been revealed which cannot possibly be due to the wellknown metabolic actions 
of ATP in vitro (13). 

Discussion. For reasons mentioned in the introduction we compared the re- 
sponse to pressor agents of hearts depressed by AcCh or K, respectively. We 
found that the response during AcCh depression was extremely poor whereas it 
was not different from that of a normal heart during K depression. ' Decrease of 
responsiveness to stimulants as a syndrome of a specific inhibitorj" state is pro- 
duced not only by AcCh but also bj’’ epinephrine in organs inhibited by it. More 
than half a century ago Jacobj (14) obtained a vagus effect on the intestine of 
starved rabbits only after previous severing of the inhibitory splanclinic nerves. 
Elliott (15) was unable to elicit the pressor effect of pelvic stimulation of the 
bladder during epinephrine inhibition. Bozler (16) found under the same con- 
ditions a diminished response of the intestine and the uterus even to electrical 
stimulation. The well known fact that during epinephrine inhibition the auto- 
matic movements of the bladder and of the intestine can completelj’’ cease demon- 
strates that the effect of stimuli from within can also be decreased or entirely 
prevented. 

We do not yet know what are the inteimediary steps leading to the final effects 
of AcCh or epinephrine administration but we have some clues as to what may 
be the first stage. It is widelj’^ accepted that AcCh and epinephrine first react 
with specific receptors at the cell membrane and thereby influence the polarized 
state of the membrane. Where the change consists in depolarization such as that 
produced bj’’ AcCh at the motor endplate, impulses are set up. In this con- 
nection it should be mentioned that as far back as 1887 Gaskell (17) demonstrated 
that stimulation of the accelerator nerve produced a negative potential in the 
resting auricle of turtle hearts. On the other hand he found that vagus stim- 
ulation of the same preparation increased polarization. The result was repeat- 
edly confiimed (Samojloff (18), Meek and Eyster (19), Bayliss (20), and 
Garre 3 '’ (21)). Later on Bacq and Monnier (22) and Dubuisson and Monnier 
(23) claimed that not onty in the heart but in all organs the inhibitory action of 
both epinephrine and AcCh was preceded b 3 '’ an increase and the augmentor 3 '’ 
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action by a dccrca«o of polarization. The anew that AcCh miglit net by altering 
the electrical behavior of the cell membiane Ins been otTcred even by textboobs 
(21). 

K like AcCh stimulates the striated muscle — K by depolarizing m every region, 
AcCh b}' dcpol.arining only (he motor cndplatc (25)— and K nbniptly decreases 
the amplitude of the Iieartbcats exactly like AcCh. One could therefore bo 
tempted to assume that the action of K here too might be due to increased polar- 
ization as lb sairmiscd for AcCh.’ Such an assumption hovcver, if unqualified, 
Mould not take into account the fact that there axist differences between tlic 
effects of AcCh and IC on tlie iie.art as ex idcnced by the fact that only AcCh leads 
to decrease of Oj consumption .and of responsiveness to pressor agents .and to 
abbreviation of tbe rcfractoiy period (20) In addition we have to stress the 
following point: whereas it is certain that the depolarization produced by AcCh 
and K sets up impulses within the striated muscle it is not definitely proven 
whether the increased polarization provoked by AcCh within tlio heart is respon- 
sible for all tlic mhibitoiy effects. This could be decided only by dctcnnining 
whether or not the effect of increased polarization brought forth by anelcctro- 
tonus of an ntropinized heart would mimic all the effects of AcCh. We refrain 
from discussing other possibilities as to the mode of action of AcCh and 1C as wo 
are not able to present w orking hypotheses. 

bUMMARX 

1) Dunng depression of the amplitude of the heartbeats by acctylchobno but 
not by potassium the responsit cness of the heart to the nugmcntoiy action of 
epinephrine and sodium olcate is greatly diminislicd. 

2) The depressor action of acetylcholine and potassium is antagonized by 
tetraothylammonium. In the ca'c of acctjlcliobnc this antagonism is due to 
substrate competition. 

3) In the normal and in the potassium deprested heart, ATP, ADP and AMP 
produce an immediate and steep transitoiy increase of the amplitude of tlie 
heartbeats, followed by a gradual nsc which slowly fades. The second incre.aso 
is suppressed during acetylcholine depression. 

4) The mechanism involved m these actions is discussed. 
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EXPERIMENTAL CHEMOTHERAPY OF TRTTANOSOMIASIS 

I. ErrtCT or p-Phenylene Digcaxiwxe and Related Compounds 
Against ExPEnniuNTAL Infections mtth Trypanosoma cquipcrdum 

It. I. HEWITT. A. GUMBLE, S. KUSHN'EU, .S. U. SAFIIl, E. M. DKANCONE 
AND Y. .SUBBAROW 

Ltdrrlr Ixihoralarita Dirigioiit American Cyanamid Company, Pearl River, Xeie York 
Ilectivcd lor pti!)liMlioD April 4, 1019 
iNxnoDucnoN 

A search was begun in our laboratories in 1911 for a compound wliich might 
P0S.50SS advantages over existing agents for the treatment of trj'panosomiasis, and 
particularly for one which would be clfective wlicn administered orally. Yerj- 
carly in the course of this screening program it was found that p-plienylcnc di- 
guanidine possessed curative properties against Trypanosoma cquipcrdum in mice 
when administered either orally or intraperitoncally. It was not ns powerful a 
tiypanocide ns Bayer 203 or several other known compounds, but it po.ssesscd 
several interesting properties which encouraged extensive investigations. The 
parasitological data obtained with p-phcnylcne diguanidinc and several related 
compounds in c.xporimental animals is presented in this paper, and the chcmistij’ 
of the group i.s discussed in detail elsewhere (1). 

The ellectivcness of guanidine compounds in experimental tr^-panosomiasis 
was first demonstrated by British investigators. ICing, Louric and Yorke (2) 
shoa-ed that a scries of homologucs of Synthnlin possessed trypanocidal proper- 
ties. The trypanocidal action rose as the number of methylene groups in the 
alkyl chain was incrc.ascd; tire decanc, dodccanc and totradccane derivatives 
were the most active. Activity was then found in alkylcne diamidines in which 
two guanyl gi-oups a-cro attached to the ends of the methylene chain without the 
intervention of other groups. Lourie and Yorke (3) then proceeded to aromatic 
diamidines and selected -1 ,-l'-diamidino stilbene (Stilbamidinc) as the most 
active member of the group. St. A. Ilcathcotc (-1) gives a recent summary of 
the pharmacolog}’ and therapeutic uses of Stilbamidinc and related compounds. 

The guanidine compounds described in the present report, and more partic- 
ularly p-phcnylene diguanidinc, are not so strikingly effective in laboratory' in- 
fcctionswith trypanosomes as arc the aromatiediamidines. p-Phcnylene diguan- 
idine, however, has a relatively simple strvrcture, and it cures T. cquipcrdum 
infections in mice in wcll-tolcrated doses when administered orally. 

MATcniAr. AND MirruoDs. Mice infected exiierimeiilally with 2’ cquipcrdum wore used as 
laboratory boats tbrougliout the major part of tlictte investigations. Each mouse was inocu- 
lated intraperitoncally with a saline suspension conlainiug approvim.ately 50,000 to 100,000 
trj'panosomes, or an overage of 2 5 million trypanosomes per kilognam body weight in 20 
gram mice. This parasite produces highly consistent infections in untreated mice, with 
death occurring almost invariobly within three to five days after inoculation with the above 
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number of trypanosomes. The strain of T. eqttiperdum used was obtained in 1945 through 
the kindness of Dr. A. L. Tatum, University of Wisconsin. 

Some deviations from the traditional testing methods for trypanocides used by many in- 
vestigators have been used in our program. Most screening tests performed with arseuicals 
have involved the “single dose technique”; that is, one dose of the drug is administered 24 
hours after inoculation with parasites. Minimum therapeutic doses and curative doses are 
then determined according to the number of animals which survive over a thirty-day period. 
The single dose wliich kills one-half of the animals (LDs,,) divided by the single dose which 
cures one-half of the animals (CDso) is called the chemotherapeutic inde.x. This is a well 
recognized standard and is used in a number of other in vivo biological assa 3 -s. 

The single dose technique appears to provide a satisfactorj’ trypanocidal assaj- with com- 
pounds which are not e.vcreted rapidlj'. For screening new compounds about which nothing 
is known concerning absorption and excretion, however, the exclusive use of this method 
could conceivablj^ bj-pass many tj'pes of compounds which might possess trypanocidal prop- 
erties when administered more frequentlj'. In our screening program, therefore, multiple 
doses of compounds were administered to infected mice over a period of at least three daj’s 
after inoculation with parasites. The variations of the technique used are described below. 
For routine screening, compounds soluble in water were administered intr.aperitonealIy in 
most cases, and compounds insoluble in water were administered orall}' in a 2.5 per cent 
suspension of corn starch. Tliis was purely a matter of convenience in the initial screening 
tests, since in our hands the intr.aperitoneaI method of administration when possible was 
easier, faster and less liable to produce death bj’ mechanical injurj' in mice than oral ad- 
ministration. If sufficient compound was available, 50 mgm. per kgm. intraperitonealij’, 
or 200 mgm. per kgm. orallj- was used as the initial dosage for the first screening test. If 
death from toxicitj' occurred at these doses the quantity was halved and tested again. Ac- 
tive compounds were retested at several dosage ranges. 

Method A. For preliminarj- assaj’s of all new compounds, dosage was administered once 
on the day of inoculation with parasites, and twice dailj’ thereaf ter with eight hours between 
doses, for three daj’s. Untreated controls were always included. Since T. equiperdum in- 
variably kills mice on the third to fifth days after inoculation, trypanocidal or suppressive 
effects could be determined one or two daj's after treatment was stopped, without necessi- 
tating counting the numbers of trypanosomes present. This procedure provides a quick 
method for spotting active substances, and is also valuable for comparing the action of dif- 
ferent derivatives within anj’’ group of compounds. In screening tests mice were not held 
for extended observation periods after cessation of treatment. 

Method B. After preliminarj- tests had shown that p-phenj’lene diguanidine appeared to 
be the most promising of anj' of the guanidine derivatives tested, several series of mice were 
treated twice or three times dailj- for from days to 2 weeks after inoculation with para- 
sites, in order to determine whether the curative dose could be lowered bj' repeated dosage. 
The first group of mice listed in table 2 were treated once on the day of inoculation with try- 
panosomes, 3 times dail 3 ' for the next 4 da 3 's, with 4-hour intervals between dosage, twice 
on the Gth da 3 ', and once on the 7th da 3 '. The second group were treated similarh' for the 
first week, and were then treated 3 times daily from the 8th to the 12th da3'S, with 2 doses on 
the 13th da 3 ’ and 1 dose on the 14th da 3 ’. The third group were treated once on the 1st and 
7th d.a 3 -s, and twice on the 2nd to 6th da 3 ’s with S-hour intervals between doses. The fourth 
group was treated once on the 1st, 7th and 14th daj’s, and twice daily on the 2nd to 6th da 3 's 
and the Sth to 13th da 3 's. These mice were then observed for 30 da 3 ’s after cessation of 
treatment to determine curative effects. Mice which lived throughout the period of obser- 
vation were considered cured. It was assumed that the mice which died during tliis period 
succumbed to their tr 3 ’panosomes, oven though parjisite counts were not made immediately 
before death. This procedure has been used b 3 ’ man 3 ' investigators previoush', and has 
become a more or less standard practice in the experimental chemotherap 3 ' of T. equiperdum 
infections. The comparison between the actri'it 3 ’ of several guanidines, Stilbamidine, and 
Ba 3 ’er 205 given in table 7 were made on the basis of multiple doses with all compounds 
listed. 
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Method C. In order (o test the efllcacy of p-phen 3 dcno diguanulino npninst T. equiper- 
dim after the parasites had had an opportunitj' to become well established in the host, one 
series of mice was not treated until thj hours after inoculation with parasites. These data 
are piven in table 9. 

Several different samples of p*phcnylcnc dipunnhline were used for bioassay. The first 
two batches received were impure bicarbonate salts. These vcrc tested ns such, and the 
second batch was then purified. The hydrochloride wjis prcp.arcd from the second batch, 
rccrystallircd from aqueous nlcohol. A third hatch w.as received ns the mixed carbonate 
nml bicarbonate salts. Unless otherwise noted, the results of tests given in the tabular 
data were obtained with the hj^lrochloridc. 

DEriNiTiox or teums. The following definition of terms is given ns thoj' arc used in 
the present paper: 

Suppressive effect. Treated mice lived for varying periods of time after all controls were 
<lcad, but less than fiO per cent survived the 30-<lay okservatton period after cessation of 
treatment. 

Curnlice effect. Fiflj’ per cent or more trc-ited mice survived for 30 days after cessation 
of treatment. 

.Utnininm therapeutic dose (M.Th.D.). The least dose needed to produce a suppressive 
effect, * 

Curative dote (CDa). The le.ast dose needed to produce a curative cfTcct. 

/.cl/ifli dose (LDit). The least dose needed to kill CO per cent or more mice within 21 
hours after a single dose, or on the first oreccond day of multiple dosage when multiple 
dosage was tisod. 

Chemethrrapeutie Index (C.I.). The lethal dose dlvi<lcd l)y the curative dose. When 
multiple dosage was used tlic chemotherapeutic index was determined on this basis. 

Results. p'Phcmjlrnc Diguanidine. The ornl ond intrnperitoncal curative 
doses of this compound in mice arc listed for 21 series of tests in table 3. Tables 
1 and 2 illustrate the method used for determining the curative close. It will be 
notcci m table 3 tlmt some variation occuircci \rith difierent samples of tfic com- 
pound and in different experiments with the same sample. In general, loss 
variation occurred when doses were administered for seven days or longer. 
\Micn treatment w'as administered for seven doses (twice daily for three and 
one-half days), using Method B, the curative (CDso) intrapcritoncal dose of the 
hydrochloride salt nppro.ximatcd 4 mgm. per kgm., and the curative (CDeo) oral 
dose was about 20 mgm. per kgm. WTicn the treatment period was extended to 
one or two weeks, the curative (CDeo) intrapcritoncal dose was 2 mgm. per kgm., 
and the curative (CDso) oral dose about 15 mgm. per kgm. When compared 
with intraperitoneal curative dose.s of Stilbamidinc and Bayer 205 administered 
under similiar conditions (table 7), p-phenylenc diguanidine is much the least 
effective of the three compounds. The oral curative doses, liowcvcr, present a 
somewhat different picture. It is five times more effective when given orally 
than Bayer 205, and one-sixth as effective as Stilbamidinc administered orally. 
The ratio of intrapcritoncal to oral treatment (table 7) also demonstrates the 
marked difference between these two routes of administration with these tluce 
compounds. For example, 500 times more Bayer 205 is required to produce 
cures b}’ oral treatment than by intrapcritoncal treatment, and 120 times more 
Stilbamidinc. Only five times more p-phcnj'lenc diguanidine is required to 
obtain a curative oral dose than a curative intrapcritoncal dose. The mode of 
action of any of these trypanocidal substances is thus far unknown. 
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In rabbits infected with T. equiperdum, 10 mgm. per kgm, of p-phenylene 
diguanidine administered intraperitoneally or intravenously, tivice daily for 
fourteen days, will produce cures, but 5 mgm. per kgm. will not. Rabbits were 
inoculated intravenously with a saline suspension of trypanosomes obtained from 
a heavily infected mouse, and were held before treatment until symptoms ap- 
peared or until trypanosomes were found in the blood. T. equiperdum in rabbits 

TABLE 1 

Comparison of single dose and multiple dose treatment with p-phenylene diguanidine 


(T. equiperdum in mice) 


DOSE I.P. 

1 

1 

1 NO. OP 

fn 

a 

6 

DEATHS— APTER INOCULATION 

Acrmxv 

; TREATJtENTS ! 

i ; 

ANHIALS 

i 

1-2 

days 

3-5 

days 

6-15 

days 

16-30 

days 

mgm.fkgm. 

0.2 

MjU 

H 

0 


m 

B 

None 

0.4 



0 




None 

0.8 


HiH 

0 




None 

1.6 



0 


9 i 

B 

Suppressive 

3.0 



0 


1 


Curative 

6.3 

■■ 

■H 

0 


0 

1 

Curative 

Controls 

None 

10 

0 

1 

B 

— 


0.2 

mHnni 

10 

0 

' 10 

H 

! 

i 

None 

0.4 


10 

0 

' 10 

■■ 

— 

None 

0.8 

It 

10 

0 

8 

2 

— 

None 

1.6 

It 

10 

0 

10 

— 

— 

None 

3.0 

It 

10 

0 

6 

4 

— 

Suppressive 

6.3 

It 

10 

0 

5 

5 

— 

Suppressive 

12.5 

It , 

10 

' 0 

1 

9 

— 

Suppressive 

25 

It 

10 

0 

0 

10 

— 

Suppressive 

SO 

It 

10 

0 

1 

7 

1 

Suppressive 

100 

It 

10 

0 

0 

3 

1 

Curative 

Controls 

None 

10 

0 

10 

— 

— 



* One treatment on the first day of inoculation with trypanosomes; two treatments 
daily for the next three days, with approximately eight hour intervals between daily doses. 
t One dose administered twenty-four hours after inoculation with trypanosomes. 


is notably more resistant to treatment with arsenicals than the same parasite in 
mice (6). 

When treatment with p-phenylene diguanidine was delayed in mice for 54 
hours after inoculation with T. equiperdum the oral curative dose (CD so) was 
about 25 mgm. per kgm., and the intraperitoneal curative dose (CDso) 
about 8 mgm. per kgm. (table 9). This demonstrates that when the compound 
is introduced shortly before the crisis or peak of parasitemia, somewhat bigbet' 
doses are needed to clear the blood of trypanosomes than w’hen treatment ts 
initiated within a few hours after infection. 
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TAnLL 2 

hffect of viuUipk trcotvicnts mth p phcnylene dtgtianidine against Trj panosoni'i cquiperdiim 
tn rucc (Smf^ I 403) 



] 




PFATI S 









TOTAL 

'OtATftS rf t . 


DOSC lieu /KCM Of At* 

, sn uicc 
Vftn 



crrscT 











1 1 

1 * ' 

1 3 

4 

5 

6 












P<r ctnl 


1 TI D 

15 do‘-c3 

' 10 

10 






100 

>.onc 

2 6 T I D 

15 doses 

10 

10 






100 

\onc 

5 TID 

15 do‘»cs 

10 

) 

G 

1 

1 



90 

Supprc‘<si\e 

7 5TID 

15 doses 

10 


5 

3 

1 i 



90 

Suppressive 

10 TID 

15 do«cs 

10 


1 


1 



20 

Curative 

15 TID 

15 doflcs 

10 







0 

Curative 

20 TID 

IS do«cs 

10 





2 


20 

Curative 

2o TID 

15 do-^cs 

10 


1 





0 

Curative 

I TID 

33 do*es 

10 ! 

10 

1 


i 



' 300 

Aone 

2 5TID 

33 do^cs 

10 

10 






100 

None 

5 TID 

33 do«c3 

10 

1 

o 

7 




100 

bupprcx^ive 

7 5TID 

33 do^'es 

10 


1 

7 




70 

Suppressive 

10 1 ID 

83 doses 

10 



1 

I 



50 

Curative 

IS TID 

33 do«e8 

10 

1 






10 

Curative 

20 TID 

33 doses 

10 







0 

Curative 

25 TID 

33 doses 

10 







0 

Curative 

1 BID 

12 do«08 

10 

10 






100 

None 

2 5B ID 

12 doses 

10 

10 




i 


100 

None 

6 BID 

12 doips 

10 

7 

3 





lOO 

: None 

7 5BID 

12 doses 

10 

2 

4 

1 




70 

Suppressive 

10 BID 

12 doses 

10 



1 




10 

: Curative 

16 BID 

12 doses 

10 

I 






10 

Curative 

20 BID 

12 doses 

10 

1 






10 

Curative 

25 BID 

12 doses 

10 

1 






10 

Curative 

1 BID 

25 do«cs 

10 

10 






100 

None 

2 5BID 

25 doses 

10 1 

10 






100 

None 

5 BID 

25 doses 

10 

9 

1 





100 

None 

7 6B ID 

25 do«c8 

10 

4 

3 

3 




100 

Supprc*siv( 

10 BID 

25 doses 

10 

1 


5 




CO 

Suppressive 

15 BID 

25 doses 

10 



1 

3 

2 


00 

Suppressive 

20 BID 

25 doses 

10 


1 

i 




10 

Curative 

25 BID 

25 doses 

10 







0 

Curative 

Controls 

37 

37 

■ 

m 

■ 

■ 

■ 

I 100 



• Dosage intcnals explained m the text 


In one expenraent designed to lest the clTicaoy of administering the pompound 
m the diet, 50 per cent of infected mice sunived for 30 dajs after one ^\eck’s 
feeding on 0 125 per cent p phcnjienc diguanidine m the feed Higher concen- 
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trations of the drug in the feed were not tolerated. The drug was mixed -with 
finely ground food pellets and placed in small earthenware food cups available 
to the mice at all hours of the day and night for one week. 

TABLE 3 


Esltmation of curative dose of p-phenylene diguanidine in 21 different test scries. 
(T. equiperdum in mice) 


SEMES NO. 

COilPOtJND* 
SAlUPtE NO. 

TREATMENT SCHEEEtE 

CCSAtlVE DOSE (CDh) 

IP. 

Oral 




mjm /tgm. 


E-55 ... 

1 

B.I.D. 3J days 

3.0 


E-102 

1 

B I.D. 3J days 

3.0 


E-197 

2 

BID. 3J days 

12.5 

50.0 

E-197 

2A 

B I.D. days 

6.0 


E-200 

2A 

B I.D. 3^ days 

6.0 

50.0 

E-200 

2B 

B.I.D. 3J days 

6.0 

25.0 

E-214 1 

2B 

B I.D. 3^ days 

1.5 


E-280 1 

2B 

B.I.D. 3§ days 

6.0 

25.0 

E-306 1 

2B 

B.I.D. 3i days 

3.0 

12.5 

E-417 

2B 

B I.D. 3J days 

4.0 

20.0 

E-493 

2B 

B.I.D. 7 days 


10.0 

E-495 

3 

B.I.D. 7 daj's 


20.0 

E-495 

2B 

B.I.D. 7 days 


15.0 

E-214 

2B 

; B.I D. 14 days 

1.5 


E-2S0 1 

2B 

j BI.D. 14 days 

3.0 


E-493 

2B 

i B.I.D. 14 days 


20.0 

E-214 

2B 

T I.D. 3| days 

1.5 


E-493 

2B 

T.ID 7 days 


10.0 

E-495 

3 

T I D. 7 days 


15.0 

E-214 

2B 

T.I.D. 14 days 

1.5 


E-403 

2B 

T.I.D. 14 days 


10.0 


* Sample No. 1 = First batch, impure bicarbonate. 

Sample No. 2 = Second batch, impure bicarbonate. 

Sample No. 2A = Purified carbonate from No 2. 

Sample No. 2B = Purified and recrystalHzcd hydrochloride from No. 2 
Sample No. 3 = Third batch; bicarbonate 42%, carbonate 58%. 

Other guanidines and related compounds. Eleven compounds related struc- 
turally to p-phenylene diguanidine are listed in table 4. These produced no 
trypanocidal effects in the doses indicated. It should be noted particularly 
that ortho and meta phenylene diguanidine were completely inactive. ^ In 
table 5 eleven compounds are listed which sliowed varying degrees of effective- 
ness against T. equiperdum. Four of these (83-L, 318-L, 331-L and 340'L) 
possess activitj' which is very near to that of p-phenylene diguanidine. With 
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the exception of 331-L(bis-(4-gunnidoplicnyl)-snirido carbonate), Iiowovcr, tlieso 
compounds are less active vhen administered orally than p-phcnylcne diguan- 
idine. Compound 331 -Ij is ns effective as p-plicnyicno diguanidinc, and possi- 
bly slightly more so, vhen administereil eitber orally or infraperitoncally (table 
0). Its activity, however, is not markedly different from the simpler p-pheny- 
lene diguanidine. 

Several fuchsin-guanidine compounds were also made, because of the marked 
similarity in dosage and activity between basic Fuchsin and p-phenylene diguan- 
idine. The trj’panocidal activity' of fuchsin dyes has been knonn for nearly 


TABLE i 

Compounds related to p-phenylene dtguamdine trhtch show no trypanocidal aetimiy tn the 

doses vsed 


COUTOOKO ^0 

uutr 

DlCntST 1>0SK OtEO 

DID — jjoAYS 




Onl 



mtm /i[m 

mtn /i{n 

u-oo 

: o>rhcD>IcQodiguaDid!no 

25 

200 

37-L 

tn-rhcn>lcDC diguanidine 

25 

25 

U-^33 

PhcQ>IeQc4,3,5*triguanldinc 

PlicD} lcne-1 ,4 'diurea 

50 

200 

165-L 

— 

200 

IM-L 

2*Mctlij Iphcnj Icnc«l ,4-diupca 

— 

200 

314-L 

1 ,6«DIphcnjl*i)*pbcn> lone diguani* 
dine dili>drocliloiido 

12.5* 

200 

297-L 

l,0>DiIauoI'P*phcD>IcDO diguani* 
dine dihydrochlondc 1 

““ 

200 

372-L 

1 

p-GuaQfdobenzjIaminc dib>drO' 

chloride 

60 

200 

320-L 

1 ,3-I3is(4-aininophcny1)-guanidinc 
trihydrochloridc 

50 

200 

324-L 

l,3-Bi3(4-urcldophcDyl)-guanidioc 

h>drochlorido 

60 . 

200 

333-L 

Bis (4>guanidopbcn}l)-thlourca 
(impure) 

G 25* 

200 


* Toxic at higher doses. 


fifty years. Basie Fuchsin produces cures in mice infected ■nith T. cquiperdum 
at almost exactly the same oral and intrapentoncal levels ns p-phenylcne diguan- 
idine. It is considerably more toxic, however. Biguanidine and tnguanidine 
substitutions were made on the fuchsin molecule, and the activity remained at 
about the same level as either of the parent structures, providing methyl groups 
were not added to one of the phenyl rings Triphenylmethane-4,4',4''-triguan- 
idine was more active than tripbcnylmetliane-4, 4'-biguanidine. Because of 
the toxicity of these compounds, honever, investigations of the group were 
stopped. 

Discussion. Tlie data presented with p-phenylene diguanidine demonstrate 
that this compound possesses at least one very real advantage over several other 
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known trypanocides in laboratoiy animals. Although it is far less effective 
than Bayer 205, Stilbamidine, Melarsen, and p-arseno-phenylbutyric acid when 
administered parenterally, it does possess curative properties at relatively low 
oral dosages. It differs from the arsenicals, Bayer 205, and the aromatic di- 
amidines, in that very large single intraperitoneal doses (100 mgm. per kgm.) 
are required to produce cures in mice infected with T. equiperdxtm. The total 
curative intraperitoneal dose when administered for seven doses (4 mgm. per 
kgm. twice daily, a total of 28 mgm. per kgm.) is approximately one-fourth of 

TABLE 5 


Compounds related to p-phenplene diguanidine which skotu trypanocidal activity 


COitPOUND NO. 

NAire 

APPROXlilATE P-PHElTiXENE 
CIGT7ANIDINE EQUIVALEKT 



I.P. 

. Oral 

350-L 

p-Phenylenedibiguanide monohy- 
drate 

0.08 

<0.05 

253-L 

2-Chloro-l ,4-phenylene diguanidine 
dihydrochloride 

0.16 

0.05 

369-L 

1 

2-Chloro-l,4-phenylene dibiguanide 
dihydrochloride 

0.16 

<0.1 

291-L 

2-Methyl-l ,4-phenylene diguanidine 
dihydrochloride 

0.08 

0.05 

251-L 

1,6-Diisopropyl-p-phenylenediguan- 
idine dihydrochloride 

0,08 

<0.05 

83-L 

Diphenylurea-4,4'-diguanidine car- 
bonate 

' 1.0 plus 

0.2 

318-L 

l,3-Bis(4-guanidophenyl)-guanidinc 

trihydrochloride 

1.0 plus 

0.3 

331 -L 

Bis-(4-guanidophenyl)- sulfide car- 
I bonate 

1.0 plus 

1.0 

353-L 

f 

Bis-(4-guanidophenyl)-3ulfoxide di- 
hydrochloride 

0.16 

<0.1 

325-L 

Bis-(4-guanidophenyl)-sulfone di- 
j hydrochloride 

<0.08 

<0.05 

340-L 

3,3'-Dimethyl-4,4'-diguanido bi- 
phenyl 

1 .0 plus 

0.3 


the single dose needed to produce cures. The chemotherapeutic indices given for 
p-phenylene diguanidine when administered in multiple doses (table 6) are 
lower than those which have been reported for Melarsen (5), p-arseno-phenyl- 
but 3 '-ric acid (6) and Stilbamidine (3) when administered in a single dose. 

The fact that few guanidines related to p-phenylene diguanidine showed sig- 
nificant trypanocidal activity was rather surprising. Although all possible devi- 
ations in structure were not investigated, a sufficient number of related denva- 
tives were tested to demonstrate that p-phenydene diguanidine per se probably 
possesses the maximum potentialities in this particular group of guanidines. 

Chronic toxicity studies will be helpful for evaluating the potentialities o 
p-phenydene diguanidine for clinical use in man. Some studies have been under- 
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TAMLfi 6 

Comparison of four guamdines by the muUtpte dose technique (Series E il7) 


(T cquipcrdum in tMi«) 


COSfTOrVD 

OOSACC 

AfftCWniATt 
ClKArns DOSE 

(CUu) 
ucu /xcu 

APPtOXlUATr 1 
ttntAL DOSE 1 
(LDu) j 

UCU /KCU j 




■' 1 

: Onl 1 

L” ! 

Oral 1 

IP 1 

Oral 

p Phenjlcno digunnidmc 

BID 3i 
dnj*8 




176 Oj 

10 j 

S 7 

1,3 Bis(4 guanidoplicn\l) guanidmo 
tn nCL 

BID 3) 
da>a 

2 0 1 




m 

C G 

Bis (4 guanidophonyl) sulfide COi 

n ID 3i 
da>8 ! 






S 7 

3,3' Dimetli} M ,4'-diguanidc biplicoi 1 ; 

BID 31 
da>a 

2 0 



80 

10 

1 3 


TABLE? 

Componson of Sttlbamidine^ Ba^tr 205 and four guanidine dcrnalives MulUpte dose 
technique (T equtperdum in iniec) 


couporvo 

APPkCtXntATZ 
tornunvr 
cost (il Tn P > 

licit /sen 8J D 

roi X)i>m 

APPlOXtUAT* 
crriAnvt ©ost 
(COll) MOlt / 
sen 9 
rot 3| CAYS 

sAno or IP 

TO OSAl 
TltATlIEXT 


Ora) 


On) 

XfTnD 

CDii 

Stilbamidice 


1 6 

l!f!B5 

IQ 

nai 

1 120 

Bayer 205 

0 15 

|OMj| 

02 


1 333 

1*600 

p Phcn>leD 0 diguanidinc 


IBlii 

til 


1 5 

1 6 

1,3 BisC4 guanidophcnjl) guanidine Tn IICL 


46 0 



I « 


Bis (4 guanidopbonyl) sulfide COi 

m 

InQ 

2 0 


1 10 


3,3'“DimctbjM,4' diguanidc biphenyl 

il 


1^2 

El 

1^2 



TABLE 8 

Comparison of three arsemcaU by the single dose technique 
(T equiperdura in mice) 


conpoevD 

TAtZVeaULl COtATllT 

1 DOSS (CDtt) 

rAicirrEXAt lstiial 
POS r (LDiO ^ 



nsm /i|n 

n|Tn /ifw 


Tryparsamide 

OlO* 

3,750* 

4 


looot 

4,000t 

4 

Melarscn 

0 6t 

17 5t 

35 

p Arsenoso phenjlbutync 
acid 

1 0* , 

33* 

21 


• Eagle et al , 1944 
t Weinman, 19^46 
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taken with regard to the distribution of the compound in the central nervous 
system of laboratory animals, but the occurrence of other guanidines in normal 
blood and body fluids interfered with quantitative determinations. 

No effect has been demonstrated by p-phenylene diguanidine or related deri- 
vatives against Leishmania donovani in hamsters. Schistosoma mansoni in mice, 
Litomosoides carinii in cotton rats, Plasmodium lophurae in ducks or Trypano- 
soma CTUzi in mice. 


TABLE 9 


Effect of p-phcnylene diguanidine against T. equiperdum when dosage is started fifty-four 

hours after inoculation 




NO. or 1 

MICE 1 

DEATHS— DAYS ATTEE INOCULATION 

ACTIVITY 





mgm./kgm. 








5.0 oral 

13 

10 


10 


1 

None 

10.0 oral 

13 

10 


10 



None 

15.0 oral 

13 

10 


7 


2 

Suppressive 

20.0 oral 

13 

10 


6 


3 

Suppressive 

25.0 oral 

13 

10 


1 


3 

Curative 

1.0 Ip. 

13 - 

10 


10 



None 

2.0 Ip. 

13 

10 




1 

None 

4.0 Ip. 

13 

10 



1 

3 

Suppressive 

8.0 Ip. 

13 

10 





Curative 

1 

None ' 

Controls 

10 

HI 

10 


■ 



* Treated twice daily for seven days with the exception of the sixth day when a single 
dose was administered. 


STOOIARY 

Data are given which demonstrate the trypanocidal activity of p-phenylene 
diguanidine and related derivatives against Trypanosoma equiperdum in mice. 
This compound is much less effective when administered parenterally than ar- 
senicals and other known trypanocides such as Bayer 205 or Stilbamidine. It 
is effective when administered in multiple doses orally, however, and for this 
reason is considered to be of potential interest for trial in man or domestic ani- 
mals. Of the related guanidines tested none showed markedly greater activity 
or were better tolerated than p-phenylene diguanidine. 
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In 1943 Soskin and Tabcnlinus first reported upon tlic use of sodium succinate 
in controlling barbiturate anesthesia (1). These authors presented their ivork 
as an extension of the observations of Qunstel and inicatley (2) upon the ability 
of succinate to support the metabolism of brain tissue poisoned by barbiturates 
in fitro. They concluded that sodium succinate exerted a protective effect 
against toxic doses of pentobarbital in rats and further that it would shorten 
the duration of both sodium amytal and sodium pentobarbital anesthesia. 

Since this time, several reports have appeared with conflicting findings ns to 
the clTectivencss of succinate in controlling the duration of barbiturate anesthesia 
and in rcelucing the toxicity of barbiturates. In addition there has been some 
disagreement ns to the possible mode of action of the succinate salt. 

Beyer and Lntvcn working nith mice and rats (3) could not obtain striking 
confirmation of the effect of sodium succinate upon shortening the duration of 
pentobarbital hj^pnosis. However, upon using much higher doses of the analep- 
tic they were able to demonstrate a moderate effect. 

Pinschmidt, Ramsey and Haag (4) using rats, mice and rabbits obtained 
somewhat less striking results than those of Soskin and Tnbenhaus. However, 
they demonstrated that prcmedication of rats both shortened the duration of 
pentobarbital anesthesia and afforded protection against lethal doses. 

On the baas of cxTicricnco with humans receiving sodium Pentothal as an 
operative anesthetic, Barrett (7) concluded that succinate ns the di.sodium 
hcxahj’drato was an efficient analeptic in barbiturate depression. 

Corson, Koppanj’i and Vivino (0), working with dogs, rabbits, cats and rats, 
found that neither disodium succinate nor disodium fumarate exerted any life 
saving effects when the animals were poisoned cither with long or short acting 
barbiturates. They further demonstrated that whether in small or large doses 
these drugs did not alter the duration of anesthesia. 

Lardy, Hansen and Pliillips (5) were not able to confirm the effect of cither 
intramuscular or intraperitoneal sodium succinate in shortening the duration 
of either sodium amj-tal or sodium pentobarbital anesthesia in rats. 

The rationale which has been advanced by the proponents of sodium succinate 
has been its ability to support respiration in vitro of tissue poisoned with bar- 
biturate, and hence to act as a source of metabolic energj- for the breakdown 
of the barbiturate. We have attempted to evaluate the action of sodium suc- 
cinate upon the metabolism of the barbiturate in vivo. 
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The development of satisfactory analytical methods for barbiturates using 
small samples of blood has made feasible the evaluation of the overall rates of 
metabolism of these compounds. 

Methods. Female albino rabbits of about 2 kgm. were used througliout this study. 
Food but not water was withheld for from 16 to 18 hours before each experiment. Blood 
specimens of 5 cc. were obtained by cardiac tap. All animals received the barbiturates by 
injection in the marginal ear vein. 

All solutions were prepared daily. The sodium succinate, sodium pentobarbital and 
thiopental sodium (Pentothal) were each prepared from crystalline material and diluted 
■with sterile distilled water. 

Analyses were performed in duplicate. The values presented are averages of the two 
determinations. The method of Goldbaum (8) was used for the determination of sodium 
pentobarbital. The method of Jailer and Goldbaum was used for the determination of 
sodium Pentothal (9). 

The awakening time was taken to be the instant that the animal spontaneously assumed 
the prone position and gathered its legs beneath its body. Reaction time was determined 
as the instant the animal would assume the prone position in response to a standard pinch 
stimulus applied to the tip of the ear. 

Experimental. The first experiment was designed as a single cross-over to evaluate 
the effect of intravenous sodium succinate in a dosage of 500 mgm./kgm. upon the duration 
of sodium pentobarbital anesthesia. Sodium pentobarbital, 35 mgm./kgm., was injected 
at a rate of 1 cc. (20 mgm./cc.) per minute in the marginal ear vein. Ten minutes after the 
completion of the injection, a blood sample ■was withdrawn for analysis. Immediately 
sodium succinate, 500 mgm./kgm., was injected in the marginal ear vein at the rate of 0.5 
cc./minute (250 mgm./cc.) . Blood samples were then withdrawn at 30 minutes, upon react- 
ing and upon awakening. Each animal was given a ten-day rest period before the cross- 
over was performed. The animals were run in groups of four, two subject and two control. 
The data are presented in table 1. 

There appears to be slight difference between the animals as subjects or as 
controls with respect to reaction time, sleeping time, or blood level at the time 
of awakening. On analysis by Student’s “t” test, the value computed for the 
reaction time is t = 0.275, p = 0.41, while that for the total sleeping time is 
t — 0.236, p = 0.40. Thus there is no significant difference in the behavior of 
this group of animals under pentobarbital anesthesia ■with or ■without subsequent 
intravenous injection of a moderate dose of sodium succinate. Furthermore, 
it is evident that the awakening blood level fluctuates through a narrow range 
with a mean of 1.2 mgm. per cent. We have found the blood level of pento- 
barbital sodium on awakening to be quite constant at 1.16 ± 0.04 mgm. per 
cent in the rabbit (10). Therefore, the administration of sodium succinate in 
this dosage does not enable the animal to awake with a greater quantity of 
pentobarbital in the circulating blood than in the absence of the analeptic. 
In figure 1 we have plotted the blood levels (on the logic scale) against the time 
in minutes. There is no significant variation in the scatter of points between 
the subject and control series. Moreover, regi'ession lines based upon mean 
values have the same slope. 

Hence, the rate of metabolism of pentobarbital as judged by its rate of disap- 
pearance from the blood stream is not influenced by sodium succinate in this 
dosage, given intravenously ten minutes after the administration of the bar- 
biturate. 
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TABTX I 


rjfcct of inlrnicnous sodium succinoU 500 vigm./l{;m. upon sodium pentobarbilnl anesthesia 
(Sinsle cross over at ten-day itjtorval) 


*ABPIT 

SCBJECI 

xABsrr 

COVTIOI. 


Resctlon 

time 

SlftpJBg 

time 

AmkenloK 

level 


Reaction 

tune 

Sleeping 

tune 

Awakening 

te\fl 


niitults 

ninuUi 

fer rent 


miiiules 

ninutet 

wiw. 
fer eenl 

PJCC 

1C5 

5in 

1,5 

PIGG 

0.3 

73 

1.1 

D1 

60 

75 


1.0 

ni 

Cl 

118 

1.3 

M70. 

115 

1.3 

M70 

70 

90 

1.1 

M3 ... 

S5 

lOo 

1.4 

M3 

Cl 

89 

1.1 

020 

6.3 

93 

1.1 

020 

40 


1.2 


62 

91 

1.1 

/k05 . ... 

Cl 

St 

1.3 

M3S 

•IS 

89 

1.1 

M3S 

G.3 

93 

1.2 

A'-l . 

90 

150 

0.6 

#4 

125 

ISO 

0.8 




Mean 

7S-5 

1M.5 

1.2 


C8.7 

103.S 

1.1 




EXPERIMENTaL CO^iTROL 



rio. 1. Efftct op Intiia>'enods SoDiuji Succinate upon the Rate of 
Disappeakance of Pentobabbital from the Circul.\ting Blood 

In order to obviate the possibility of having influenced tlie residts by the 
repeated cardiac taps the following experiment was performed. Each of twenty 
rabbits received 35 mgm./kgm. of an aqueous solution of sodium pentobarbital 
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in the marginal ear vein. Ten minutes following injection the subject group 
received 500 mgm./kgm. sodium succinate intravenously. Reaction time and 
sleeping time were noted as in the previous experiment. A blood sample was 
withdrawn upon the awakening of each animal. The results of this e.\'periment 
are summarized in table 2. 

Again, there was no difference demonstrated in reaction time, sleeping time, 
or awakening blood level between the subject and the control group. On sub- 
jecting the data to the analysis of variance an P ratio below 0.20 was found in 
each category. This is insignificant at the 1 per cent level. 

Effect of Higher Dosage of Succinate: Inasmuch as higher dosages had seemed 
to produce significant shortening of anesthesia in the hands of other workers, 

TABLE 2 


Effect of intravenous sodium succinate 600 mgm./kgm. upon anesthesia following a single 
injection of intravenous sodium pentobarbital 35 mgm./kgm. 


SUBJECT 

CONTROL 

Heaction time 

Sleeping time 

Awakening 
blood level ' 

1 

Reaction time 

Sleeping time 

Awakening 
blood level 

minufes 

minutes > 

rngm. per cent 

minutes 

minutes 

mim. per cent 

40 

60 

1.1 

110 


1.1 

37 

55 

1.4 

62 


1.2 

62 

85 

1.2 

48 


1.0 

58 

SO 

0.9 

67 

95 

1.4 

104 

135 

1.1 

45 

68 

0.8 

60 

95 

1 1.3 

50 

76 

1.6 

75 

102 

1.0 

75 

104 

1.1 

90 

110 

j 1.1 

84 

98 

1.1 

98 

210 

1 1.6 

80 

102 

1.3 

62 

1 

90 

1.0 

88 

112 

1.2 

Mean: 68.6 

101.2 

1.2 

70.9 

98.6 

1.2 


we next determined the max-imal dosage of sodium succinate w'hich was tolerated 
by rabbits intravenously without any signs of toxicity. A dose of 2000 mgm./ 
kgm. was well tolerated if the injection was made over the course of eight to 
ten minutes. Above this level rabbits exhibited signs of muscular twitching, 
culminating in generalized convulsions when given 2500 mgm./kgm. 

The first two experiments were then repeated using a dose of 2000 mgm./kgm. 
of sodium succinate in the subject group. Due to the large volume of fluid 
required to deliver this dose (8 to 10 cc.) the control groups were given isotonic 
sodium chloride as a fluid volume control. The data are presented in tables 
3 and 4. 

In the cross-over experiment no demonstrable difference in either reaction 
time or sleeping time was found between the group as control or as subject. 
On analysis by Student’s “i” test the value for reaction time is t = 0.99, f = 
0.17; and for the sleeping time, t = 0.45 and p = 0.32. There was no significant 
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difTcrcncc bct^ ccn the n^\ akenmg blood lc\ els of the tv> o groups It is of interest 
that the iv>o animals ivhich fall at the extremes of the range (No^ and MOC) 
do so "nhen subject and when scixnng as their own controls As m the first 
experiment, v^hen the data are plotted as logio blood level against time, straight 
lines of the same slope are obtained for both the subject and control group 

TABLi: 1 


Lffeet of tniratenoua aodium aucanate £000 rngm /kgm upon sodium pentobarbital anesthesia 
(SihrIc crosa o\cr at ten da> interval) 


XABBtr 

1 BrBJtCT j 

1 

1 BABBIT 

i 

1 COHTIOL 

ReacUon 

time 

Sleep nj; 
time 

Airike&tnr 

level 

Reactioa 

time 

Sleeplog 

time 

AwAlenfn* 

level 


Hlnutes 

ntnuiit 

n|ft 
p*r ant 


MIAH/ef 

PltflUltl 

mxm 
ftr (tnl 


Co 

91 

1 * ^ 

/K)'» 

SO 

120 

1 1 


136 

180 

1 ^ ^ 

MOO 

120 

145 

1 0 


6S 

92 

\ 1 ^ 

No# 

00 ! 

100 

1 5 


118 1 

173 


MOC 

-5 

135 

0 8 

000 i 

75 j 

100 

t •' 1 

000 

cs 1 

1 1 

125 

1 

1 0 

Mean 

90 4 

1 129 2 

1 1 3 1 

j Mem 


125 

1 1 


TABLE 4 


F^cct of tntraienous sodium succinate 2000 ngm /Igm upon anesthesia foUoieinQ a single 
injection of intraienous sodium pentoharlitnl 35 rngm /kgm 


ACB/lCr j 

1 CON-TBOL 

Sleepms time 

AwaVenlos leiel 

Slrepltig time 

1 Awafccainc !c\el 

runnUs 


ffr t*nl 

rtimnUt 

ntm 

Ptr ctnl 

130 

1 

3 

245 

1 

1 

125 

1 

2 

165 

1 

1 

125 

1 

2 

205 

1 

0 

140 

1 

0 

145 

1 

o 

140 

0 

7 

no 

1 

1 

175 

1 

0 

225 

1 

0 

80 

1 

5 1 

125 

1 

4 

120 

1 

5 1 

105 

1 

4 

165 

0 

9 

120 

1 

1 

145 

1 

1 

125 

1 

1 

130 [ 

1 

0 

145 

1 

0 

Mean 134 

1 

14 

146 S 

1 

14 


From table 4 no difference can be established between the subject and con- 
trol group In this experimental group all sources of stimulation were rigidly 
excluded from the time of injection of the analeptic or of the saline control, 
until the spontaneous auakemng These data, ^^hcn subjected to the analysis 
of \ ariance, } leld an F ratio of 0 72 
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Therefore, it appears that the intravenous administration of 2000 mgm./kgm. 
of sodium succinate ten minutes after the onset of pentobarbital anesthesia is 
•without effect either upon the duration of anesthesia or upon the rate of metab- 
olism of the pentobarbital as determined by its disappearance from the circu- 
lating blood. 

Intramuscular Administration of Succinate. Since there remains the possi- 
bility that due to rapid elimination, the intravenous injection of a large quantity 


TABLE 5 

Effect xtpon sodium pentobarbital anesthesia of intramuscular sodium 
succinate 1000 mgm./kgm. 


SUBJECT 

i 

sounm rmiASATE control 

HYPERTONIC SALINE CONTROL 

Sleeping time 

A^rakening level 





mtnu/es 

meix. ter cent 

mtnuUs 

mgw. per cent 

tntnules 

msm* per eeni 

97 

1.3 


1.0 

180 

1.2 

Expired 

— 

1 Expired 

— 

Expired 

— 

180 j 

0.9 

152 

1.5 

176 

1.1 

120 

1.1 

193 

1.1 

143 

1.0 

200 

0.9 

195 

0.9 

1 140 

1.1 

Mean: 149 

1.1 

165 

1.1 

169 

1.1 


2nd replication 


1 

SUBJECT 

SODIUM rUMARATE CONTROL 

HYPEEIOSIC SAiCra CONTOOl 

Sleeping time 

] 

Awakening level j 





miniiles 

per cent 

tninufes 

mgm. ter cent 

minutes 

msm» per cent 

Expired 

— , 

Expired 

— 

Expired 

— 

86 

1.2 

68 

1.1 

130 

1.2 

123 

1.7 

230 

1.1 

138 

1.3 

120 

1.4 

160 

1.3 

Expired 

— 

125 

1.2 

125 

1.5 

205 


Mean; 114 

1.4 

145 

1.2 

157 



of sodium succinate might lead only to an evanescent period of high concentra- 
tion in the blood, the effect of intramuscular injection of the analeptic was 
investigated. 

Fifteen animals •were distributed among three groups. Each group received 
35 mgm./lvgm. of sodium pentobarbital intravenously. Ten minutes after 
the onset of anesthesia the animals in the subject group received 1000 rngm-/ 
kgm. of sodium succinate in the thigh muscles. There were two control groups, 
the first recei\Tng 1000 mgm./kgm. sodium fumarate, and the second recei^ving 
700 mgm./kgm. sodium chloride. The concentration of the solutions was sue 
that the animals received equal volumes of fluid. The e.vperiment was repeate 
on the succeeding day upon a second group of animals. The data are presents 
in table 5. 
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There were no significant dificrencea noted either between the subject and 
the control groups or between tlic two replientions. An F ratio of less tlian 2 
was obtained in each instance. 

Pcniothal. In attempting to evaluate the effect of succinate upon sodium 
Fcntotlial .ancstlicsia, 20 rabbits were distributed among si.': groups. Each 

TABLE 0 


E^ccl of intravenous itifcctton of sodium suceinale, sodium chloride and tcatcr upon anesthesia 
foUoiring o single intravenous injection of Pentothal 15 mgrn./l-gin. 


KTUBEX OrXABEItS 

ANTIDOTE 1 

TIME nxrr 

AWAKENING tE^'EL 



ninutis 

nsm. per cent 

3 

Sodium auccinrvtc, 1000 j 

25 1 

1.45 


I.V., 2 min. followinR Pentothal 

19 

1.70 



30 

1.50 

5 

Sodium succinate, 2000 mgm./kjon., 

31 j 

2.00 


IV., 5 min. following Pcntotbnl 

38 

1.45 



19 

1.25 



29 

1.45 



2G 

0.95 

5 

Sodium succinate, 1000 mgm./kgm., : 

30 

1.00 


I.V., together with Pentothal 

C2 

1.35 



5C 

1.05 



40 

1.45 



Died 

— 

3 

None 


1,40 


1 


1.25 




1.40 

5 

Water, A cc./kgm., I.V., 6 min, 


1.55 


following Pentothal 


0.45 



24 

1.25 



38 

0.80 



12 

— 

K 

Sodium chloride, 400 mgm./kgm., 

C2 

1.00 


I.V., together with the Pentothal 

77 

1.05 



36 

' 1.00 



43 

l.CO 



27 

1.35 


animal received 25 mgm./kgm, of Pcntothal intravenously in the form of a 
freshly prepared 5 per cent solution. The injections were completed wtliin 
two minutes. A second intravenous injection of sodium succinate, saline or 
water, was given as indicated in table 6. 

Varjnng the time of injection or the doses of the analeptic did not significantly 
alter the duration of the anesthesia as compared ^^•ith the controls. Upon 
subjecting the data to the analysis of variance, an F ratio of 2.2-1 is obtained 
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for duration of anesthesia; an F ratio of 1.33 is obtained for the awakening blood 
levels. Therefore, at the 1 per cent level there are no significant differences 
in the effects of the various treatments upon the duration of anesthesia produced 
by a single injection of 25 mgm./lcgm. of sodium Pentothal. 

A study of brain tissue Pentothal levels was accomplished. The dose of 
Pentothal was 25 mgm./kgm. administered as before. Sodium succinate, 
1000 mgm./lcgm. was given intravenously two minutes after the completion of 
the Pentothal injection. The controls received no additional medication. 
Blood levels were determined at ten-minute intervals until awakening. Upon 
awakening the animals were killed with an intravenous injection of 10 cc. of 
air and the brains were removed for analysis. The data from one such experi- 
ment using three subject and three control animals are presented in figure 2. 
The brain level of the barbiturate was expressed in terms of mgm./lOO gm. 
tissue. The regression lines for both subject and control groups have approxi- 
mately the same slope. The level of the drug found in the brain in both groups 
does not significantly differ. Therefore, in this series the rate of metabolism 
of the drug does not appear to be affected by the analeptic, nor does the animal 
recover in the presence of an increased amount of barbiturate in the brain. 

Discussion. The data presented demonstrate that the administration of 
both large and small doses of sodium succinate does not affect the metabolism 
of sodium pentobarbital and sodium Pentothal in rabbits as determined by the 
rate of disappearance of the barbiturate from the circulating blood. 

The positive effects, found by previous workers, of shortening of the duration 
of anesthesia had been supposed to be due to the influence of the succinate upon 
the intermediary metabolism of the barbiturate. In the fight of some recent 
data this supposition may be without adequate foundation. 

Lardy et al. (5) in their communication have pointed out that, while the tissue 
when poisoned with barbiturate was imdoubtedly able to metabolize succinate 
as judged by oxygen consumption, no evidence had been presented to show that 
this oxidation was coupled with phosphorylation. In view of their previous 
inability to demonstrate the coupling with phosphorylation in in vitro prepara- 
tions, which rapidly oxidized succinate, doubt was expressed as to the ability 
of the succinate to act as a source of metabolic energy. However, the recent 
communication of Filer and McEwen (11) indicates that under certain conditions 
in brain homogenates succinate oxidation may coincide with phosphorus 
uptake. 

Furchgott and Shorr (12), investigating the respiration of various tissues, 
including brain, under conchtions of low' oxygen tension, found that succinate 
in substrate concentrations wms able to increase markedly the rates of oxygen 
consumption. However, the energy from the increased oxygen consumption 
was found to be incapable of increasing the rates of metabolic processes, such as 
acetylcholine synthesis in brain or urea synthesis in liver, which are depressed 
under conditions of low oxygen tension. Moreover, IQein and Olsen (13)) 
studying the distribution of some of the 3- and 4-carbon respiratory' inter- 
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mediates, found that tiie rate of transfer of succinate between the arterial plasma 
and the cerebral hemispheres of the cat was always less than that of glucose. 
They therefore postulated that succinate would not replace glucose in maintain- 
ing central nen'ous system function. 

Hence, the probabilit}' of succinate sendng as a source of eneiig}' by means of 
which the barbiturate would bo metabolized seems unlikely. The failure of 
the succinate to effect a more rapid remoi'al of barbiturate from the circulating 
blood would appear to support this contention. 


EXPEWMENTOL CONTOOL 



Fia. 2. Errncr or Istrayexovs Sooimr Soccixate oro.v nw DiSAPrEAiuscE or 
Pestotuai. moM Tiir. Bkain asd Bsood op tue Uaeeit 

Koppanyi (G, 14) has demonstrated that a moderate diuresis does not signifi- 
cantly affect the duration of anesthesia of barbital whether achieved by means 
of glucose solutions, salts, such as ammonium chloride, or by sodium succinate. 
Lcifer et al. (15) working nith C* have demonstrated in mice that pentobarbital 
does not appear in the urine. Hence, if pentobarbital and not a degradation 
product is the specific anesthetic agent, any diuresis achieved with sodium suc- 
cinate would bo unlikely to affect the duration of anesthesia. 

The possibility remaina that sodium succinate may act as a respiratory stimu- 
lant. Heymans (IG) and co-workers have shorni that sodium succinate causes 
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an increase in pulmonary ventilation which is maintained after section of the 
vagus and carotid sinus nerves or destruction of the cardio-aortic region and 
the cardiac sinus. Bovet et al. (17) obtained similar results in their prepara- 
tions. However, the sodium salts of aspartic, mahc, fumaric, and carbonic 
acids were also found to be effective. This increase in respiratory rate and 
depth was observed in our material. The significance of this observation is 
not apparent inasmuch as, despite the increased pulmonary ventilation, the 
duration of anesthesia and the metabolism of the drug were unaffected. 

It has been urged that sodium succinate be used as an analeptic on the basis 
of its lack of toxicity. Recently there has been reported depression of cardiac 
action by succinate in the rabbit heart muscle preparation (18). Furthermore, 
this is a disodium salt and roughly 250 mgm. of sodium are furnished in each 
gram of sodium succinate. Consequently at high dosages of the drug, such as 
200 cc. of an 11 per cent solution, large amounts of sodium are being given. 
Hence, the possible deleterious effects of this substance, particularly in such 
salt sensitive individuals as cardiacs, should not be disregarded. 

CONCLUSIONS 

1. The effect of sodium succinate upon duration of anesthesia due to either 
sodium pentobarbital or sodium Pentothal has been investigated in rabbits. 

2. The duration of anesthesia has been found not to be affected. 

3. The blood level at which spontaneous awakening ivill occur has been found 
to be unaffected. 

4. The rate of disappearance of the barbiturate from the blood stream has 
been found to be uninfluenced by the administration' of sodium succinate. 

The authors wish to express their appreciation to Miss Elenora D. Faison for 
her technical assistance. 
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Quastcl and Ins associates (1, 2, 3) and more recent investigators (4, 5) have 
found tliat many central ncn*oiis system depressants including ether, urethane, 
barbiturates, morphine and synthetic analgesics depress the in vitro respiration 
of brain tissue. These investigations have resulted in the thcorj' that narcosis 
is primarily due to the inhibition of cnzjTiic systems necessary for the oxidation 
of carbohydrates in the brain. In contrast to the extensive research on the 
cfTcct of central nervous system depressants on cnsimie sj’stems very' limited 
work has been done on the effect of local anesthetics on tho respiration of ner\*c 
tissue. Niwa (G) found cocaine depressed carbon dioxide production in the 
sciatic ner\*e of the frog. In 1932 Shcrif (7) reported that procaine and cocaine 
inhibited respiration in tho sciatic ner\'c of the rabbit. In %'icw of the n-idO' 
spread use of local anesthetics for surface, regional, and spinal anesthesia, an 
investigation of their in vitro action on the respiration of ner\'c tissue was con- 
sidered desirable nt this time. 

Recent developments in the use of fortified homogenates make it possible 
to investigate (he effect of drugs on highly active and specific enzymo systems. 
The homogenate methods arc based on the fact that the tissue is diluted until 
endogenous activity is reduced to a very low level. Tlicn by the addition of 
water soluble comiioncnts such us hexose diphospliatc, adenosine triphosphate, 
diphosphopyridine nucleotide (DPN), cj'tocliromc c, nicotinamide and certain 
inorganic ions, activity in the presence of a fleeted substrate is restored to a 
high level. Brain homogenates were used in this investigation instead of homo- 
genates from pcriplicral ncn’cs because this tissue is more readily available in 
the quantities required for multiple Warburg experiments. The follo\\*ing sub- 
strates and reactions liave been used to study tlio effect of local anesthetics on 
the respiration of brain homogenates and to isolate partially the site of action: 
(a) oxygen uptake by the homogenate in the presence of glucose, which requires 
both the glycolytic and oxidative enzyme chains for this reaction; (b) the 
anaerobic glycolysis of glucose wliich requires onK' the glj’colj’tic cnzymies; 
(c) the oxidation of succinate by molecular oxygen which requires the dehy- 
drogenase, an unknown factor linking cytochrome c and b (8), the cytochromes 
and cj'tochrome oxidase; (d) the o.xidation of ascorbate which requires only 
cytochrome c and cytochrome oxidase; (c) the anaerobic reduction of methylene 
blue by succinate which is catalyzed by succinic dehydrogenase; (f) the oxida- 

> This investig.'xtion was supported in part by a research grant from the Division of Re- 
search Grants and Fellowships of tho National Institute of Health, U. S. Public Health 
Service. 
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tion of reduced cytochrome c by molecular oxygen -which is catalyzed by cyto- 
chrome oxidase; (g) the reduction of oxidized cytochrome c by succinate -wWch 
requires the unknown factor and succinic dehydrogenase. 

Methods. Local anesthetics used in this investigation were cocaine, USP; procaine, 
USP ; metycaine, NNR; tetracaine, USP; and nupercaine, NNR as the hydrochlorides and 
butacaine sulfate, USP. All molar concentrations are expressed in terms of the free alka- 



Fig. 1. Effect of Nupercaine on the Respiration op Brain Homogenates 

Temperature, 36.3° C,; gas phase, air; nupercaine, 0.005 M; concentration of solutions; 
(a) Glucose oxidation — glucose, 0.02S M; hexose diphosphate • Mg, 0.005 M; potMsiura fuma- 
rate, 0.0016 M; adenosine triphosphate, 0.0007 M; DPN, 0.001 M; nicotinamide, 0.04 Mi 
cytochrome c, 0.00006 M; K-HPO,— KH-PO* buffer, pH 7.4, 0.04 M; 0.3 cc._ 1:5 rat brain 
homogenate in side arm; final volume, 1.0 cc. (b) Succinate oxidation — sodium suroinate, 
0.05 M from side arm; cytochrome c, 0.00017 M; CaClj, 0.0004 M; AlClj, 0.0004 itf; NajHPOj— 
HCl buffer, pH 7.4, 0.03 M; 0.3 cc. 1:4 rat brain homogenate; final volume, 3.0 c®- 
Ascorbate oxidation — sodium ascorbate, 0.0114 M from side arm; cytochrome c, 0.00017 M! 
CaCb, 0.0004 M; Aids, 0 ,0004 M; Na-HPO,— HCl buffer, pH 7.4, 0.03 M; 0.3 cc. 1 :4 rat brain 
homogenate; final volume, 3.0 cc. 

loid. The rate of oxygen uptake or carbon dioxide evolution was followed in Warburg 
manometers at 36.3 C. After a ten-minute period for gassing and temperature equilibra- 
tion the stopcocks were closed, homogenate and substrate nuxed and readings made at 
ten-minute intervals for 60 minutes. An apparatus with fourteen manometers was used in 
order that duplicate controls and five concentrations of any one drug could be exanune 
simultaneously. In experiments to compare the relative effect of the anesthetics duplica e 
determinations were made on control vessels and on vessels with five of the anesthetics a 
a concentration of 0.005 Jlf. This eliminated any possibility of variations due to differences 
in the homogenate preparation. 

With minor modifications the method of Utter, Wood and Reiner (9) was used for anae- 
robic glycolysis, that of Reiner (10) for the oxidation of glucose and that of Schnei er 
and Potter (H) for oxidation of succinate and ascorbate. The amount of homogenate was 
varied until a highly active preparation was obtained. The concentration of solutions 
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U’scd, the ftdditions to the liomogcnite and the activjtj of the preparation with time are 
8ho\^n in figs 1 and 3 

In a few of the anaerobic gI>col}Ci3 experiments lactic acid determinations wore made 
on the contents of the arburg vessels »romcdiatcl> after the 60 minute experiment by the 
method of Pdwards (12) The effect of nupcrcaiuc on the oxidation and reduction of cyto 
chrome c is determined bj follo;\ing the rate of appearance or disappearance of reduced 
cytochrome c ^ ith a Beckman spectrophotometer at 550 mu (13) Succinic dehydrogenase 
nctiMtj was determined bj the rate of reduction of methjieno blue using the Thunberg 
method Kinctj per cent meth} lone blue reduction, determined visuatli , was used as the 
end point 


PER CENT INHIBITION 



Tio 2 Efftct or Varting rni CoNcrNTnanos or Local \NEiTnBTics on 

SCOCIVATE OXIDATIOS 

Etpenmenlil conditions and solution concentrations same ns those given for succinato 
oxidation in fig 1 

Ti<^suo homogenates t\ero prepared bv gnnding fresh nholc rat brain in cold buffer or 
distilled water (14) for all exponmenta except those for some of tho succinate and ascorbate 
oxidation determinations Frozen beef brain stored on dr^ ice (15) was used for these 
experiments Control determinations show'cd homogenates prepared from tho beef brain 
and rat brain gaao comparable results when succinate and ascorbate were used as sub 
Btrates 

REaOT/Ts The effect of nuperemne on tho o\ndation of glucose, succinate 
and ascorbate is shorni in Cg 1 These are tj pical experiments and shoiv that 
oxygen uptake by the fortified homogenates is linear with time for tho CO minute 
period Nuporcaine produced the greatest inhibition of an> of the local anes- 
thetics This inhibition is tiTiical of all the drugs m that it is uniform through- 
out the expenment The comparatue effect of six local anesthetics at a con 
centration of 0 005 M on the oxidation of glucose, succinate and ascorbate is 
given in table I Depression of succinato oxidation over a range of concentra- 
tions IS shown m fig 2 The effect of procaine, cocaine, and nupercaine on the 
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Fig. 3. Effect of Local Anesthetics on Anaerobic Gltcoltsis in Brain 

Homogenates 

Temperature, 36.3°C.; gas phase, 95 per cent nitrogen plus 5 per cent carbon dioxide; 
concentration of solutions: glucose, 0.028 Jl/; hexose diphosphate -Mg, 0.0025 ilf; adenosine 
triphosphate, 0.0007 Af; DPN, 0.0005 Af; nicotinaimde, 0.04 Af; K-HPO*— KH-POi buffer, 
pH 7 .4, 0.01 M; NaHCOs, 0.048 Af ; drug, 0.005 Af; final volume, 1.0 oc. 


TABLE 1 


Effect of local anesthetics on the respiration of brain homogenates 



COff* 

TROL 

COCAIKE 

PROCAINE 

. 

ilETVCAINE 

dutacaine 

notercaine 

ietsacaikj: 

SITBSTBATZ 

go 

U 

Per 

cent 

diS. 

eo 

u 

Pet 

cent 

did. 

io 

u 

Per 

cent 

die. 

SO 

u 

Per 

cent 

diC. 

io 

u 

Per 

cent 

dm. 

|o 

o 

11 

Glucose oxidation. . . 

cmm. Oi 

177 

121 

-32 


-22 

96 

-46 

65 

-63 

47 

—74 

64 

-64 

Succinate oxidation. 

369 

336 

-9 

329 

-11 


-S 

183 

-51 

18 

-95 

206 

-44 

Ascorbate o.xidation. 


312 

-1-2 


-9 


-4 

192 

-21 


-68 

195 

-36 

Glucose* anaerobic 
glycolysis 

176 

193 

-hio 


-3 

180 

4-2 

180 

-1-2 


+161 

262 

-1-49 


All experiments were of 60 minutes duration at 36.3° C. with a drug concentration of 
0.005 M. Concentration of solutions in Warburg vessels same as those given in figs. 1 
and 3. 


* Values for anaerobic glycolysis are in ciam. COj. 


anaerobic reduction of methylene blue is shotvn in table 2. Procaine, metycame 
and nupercaine greatly accelerated the reduction of methylene blue in the ab- 
sence of added substrate. Slight acceleration is shown in the presence of suc- 
cinate. Cocaine inhibited the reaction both in the absence and presence w 
succinate. Table 4 shows that nupercaine inhibits both the oxidation and 
reduction of cytochrome c. 
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tablt: 2 

The effect of local anesthetta on succtnic dehydrogenase 


itoPcnoK Tiui rv Monnxs 


DILO COhCINTXATlO’i UOMt j 

ho nbitnu 1 

1 0 (H J/ sod um lucdnate 


00 

001 

00 


B31 

IB 

MM 

0 01 

Procaine 

214 

15 

17 

1 

15 

14 

1 

13 

Cocaine 

195 

>270 

21 

! 21 

24 

27 

34 

40 

Nupercaine 

170 

18 

17 

17 

IG 

14 


— 


Except fls indicated each Thunberj; tube contained 1 0 cc of 0 13 U sodium succinate, 
1 0 cc of 0 10 il/ phosphate buffer, pll 7 4 1 0 cc of 1 10 000 mcthvlcnc blue, dnig to gi\c 
final concentration ahonn in table, water to 5 cc , 1 0 cc of 1 10 brain homogenate m 
phosphate bufTcr in the aide arm, temperature 37*C 


TABLE 3 


Fffeel of tiupcrcainc on laclte ocid/orniofion in brain homogenates 


Lactic acid in mgm /Warburg aesscl/OO minutes 


Exrr VO 

COVTlOt 

0 005 if WTZXCAtSS 

1 

0 3J 

1 14 

2 

0 28 

1 45 

3 

0 20 

0 73 


Solutions used and experimental conditions same as thoso gi\ cn for anaerobic gl^ col)’5is 
in fig 3 


TABLE 4 


Effect of ntipereatnc and procaine on the oxidation arid reduction of eytoekrome e 



COSTIOL 

DICO 

1 Birr 

Oxidation of CjFe'^, Nupercaine, 00025 iff | 

1 

0 31C 

0 053 

prr trnt 

! -S3 

Oxidation of CyFe"^, Procaine 0 005 /V 1 

0 555 

0 693 

! +0 0 

Reduction of CjFc^, Nupercaine 0002 j 3/ 

0 120 

0 025 

1 -70 

Reduction of CyFe*^, Frocainc 0 005 ff 

0 120 

0 100 

1 -7 9 


Control and drug values are in terms of Alog CjEo"*^ for oxidation expenmenta and 
Alog CjFe'*^ for reduction experiments for 0-10 minute intervals For oxidation export 
ments each vc^iel contained 0 02 3/ phosphate buffer, pll 7 0, drug to indicated concen 
tration, 0 1 cc of 1 200 brain homogenate, 0 00003 M C^Fc*^ previously reduced with 
hjposulfite added at zero time, total volume 3 0 cc For reduction experiments each 
V essel contained 0 02 M phosphate bulTer, pH 7 0, drug to indicated concentration, 0 001 
NaCN , 0 00003 CyFc^, 0 I cc of 1 200 brnm homogenate, 0 05 succinate added at 
zero time All expenments at room temperature 


The effect of the local anesthetics on anaerobic glycolysis is sho^in in fig 3 
and table 1 Tetracaine and nupercaine increase tlie amount of carbon dioxide 
liberated during the 60 minute experiment ^ATien glycolysis is correlated 
with time, the activity with and v\ithout the drug is approximately the same 
for the first ten minutes In the presence of nupercaine this rate is maintained 
for the 60 minute experiment whereas in the control vessel glycolysis rapidly 
diminishes after the first ten minutes Tims the increase is not a stimulation 
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Fig. 3. Effect of Local Anesthetics on Anaerobic Glycolysis in Brain 

Homogenates 

Temperature, SB-S'C.; gas phase, 95 per cent nitrogen plus 5 per cent carbon dioxide; 
concentration of solutions; glucose, 0.028 ilf; hexose diphosphate -Mg, 0.0025 ilf ; ndcnosiae 
triphosphate, 0.0007 M; DPN, 0.0005 ilf; nicotinamide, 0.04 ilf; KiHPO* — KHjPO. buffer, 
pH 7.4, 0.01 ilf; NaHCOj, 0.048 ilf; drug, 0.005 ilf; final volume, 1.0 oc. 


TABLE 1 

Effect 0 / local anesthetics on the respiration of brain homogenates 



CON- 

TROL 

COCAINE 

TROCAINE 

UETYCAtNR 

BOTA.CAINE 

tniPERCAINR 

lEISACAIXE 

StmSTJlATE 


Per 

cent 

diS. 

s° 

Per 

cent 

diff* 

io 

Per 

cent 

diff. 

io 

Per 

cent 

diff. 

Cmm. 

Ot 

Per 

cent 

diS. 

io 

o 


Glucose o.xidation . . . 


121 

-32 

130 

-22 

96 

-46 

65 

-63 

47 

-74 

64 

-64 

Succinate oxidation. 


336 

-9 

329 

-n 

339 

-S 

183 

-51 

IS 

-95 

Piila 

-44 

Ascorbate oxidation. 


312 

-f2 

280 

-9 

295 

-4 

192 

-21 


-6S 

195 

-36 

Glucose* anaerobic 
glycolysis 

176 

193 


m 

-3 


-1-2 


-f2 


-1-161 

262 

+49 


All experiments were of 60 minutes duration at 36.3° C. with a drug concentration of 
0.005 ilf. Concentration of solutions in Warburg vessels same as those given in figs. I 
and 3. 


• Values for anaerobic gb-colysis are in cmm. COj. 

anaerobic reduction of methylene blue is shown in table 2. Procaine, metycaine 
and nupercaine greatly accelerated the reduction of methylene blue in the ab- 
sence of added substrate. Slight acceleration is shown in the presence of suc- 
cinate. Cocaine inhibited the reaction both in the absence and presence w 
succinate. Table 4 shows that nupercaine inhibits both the oxidation and 
reduction of cytochrome c. 
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greater than that m the vessels i\jUi the drug for the first leu niinutcs of the 
experiment. Thus the increase appears to \yc due to a maintenance of the higli 
original rate of glycolysis by some unexplained mechanism. As shown in table 5 
a correlation can bo made between the tn vt/ro inhibition of carbohydrate oxida- 
tion obscn'cd in these experiments and the tn tnio potency of the local anesthetics 
investigated. In both the comparative experiments at 0.005 ilf and in the 
determinations oxer a range of concentrations (fig. 2) cocaine, procaine and 
mctycainc produce the least inhibition, tetracaine and butacaino arc inter- 
mediate, and nupcrcninc gives the greatest inhibition. This is in close agree- 
ment vith the m t’lto potency of these anesthetics as determined in pharmaco- 
logical experiments (IG, 18) and by clinical experience (17). 

The author wishes (o thank Dr. C. L. Gcmmiff for his vafuubfc suggestions 
in connection with this work and Miss Doris Haynes and Mrs 11 F. I^fatthcws 
for their technical aid in the experiments. 

SUMMARY 

Cocaine, procaine, mol 3 'cninc, butacaino, tetracaine and nupercainc iiilubit 
the oxidation of glucose, succinate and a'^corhato but do not inhibit tlic anaerobic 
glj'colj’sis of glucose by brain homogenates. The oxidation and reduction of 
cytochrome c is inhibited; the anaerobic reduction of metliylcno blue in the 
presence of succinate and homogenate is not inhibited, lliesc results indicate 
the blockage of the cnzjTnatic chain is occurring at the c^'tochromc c-cytochrome 
oxidase level or at some factor neccssarj* for the reduction of cytocliromc c 
There is a wide range in the degree of inhibition by the anesthetics at 0 005 A/ 
and over a range of concentrations. Cocaine, procaine and mctycainc give 
the least inhibition; tclracaiuc and buticainc are next in order; and Jiupcrcninc 
produces the greatest inhibition There is a correlation between the tn vifro 
and tn nto order of inhibition of these drugs. 
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but a maintenance of tbe system’s normal glycolysis. The protection of the 
anaerobic glycolytic enizyme system appeared to be of the same type as that 
obtained when nicotinamide is added to tissue homogenates to prevent the 
autolytic destruction of DPN by DPNase (14). Several experiments were 
conducted in which the DPN, nicotinamide and nupercaine concentrations were 
varied in an attempt to show that nupercaine was inhibiting DPNase or some 
other autolytic en 2 yme. Such protection could not be demonstrated. 

Lactic acid determinations made on the contents of Warburg vessels after 
anaerobic glycolysis experiments are given in table 3. These data show that 


TABLE 5 

Comparison of the aneslhelic potency of local anesthetics with the inhbition 
of succinate oxidation 


D2UG 

RELATIVE POTENCV 

RELATIVE TOXiaXY 

StfCONATE OXIDATION 

PEE CENT INHIBITION 

BV 0.005 M Dim 

Cocaine 

0.88 


-9 

Procaine 

1.00 


-11 

Metycaine 

2.90 

1.12 

-8 

Butaoaine 

5.30 

2.01 

-51 

Tfif.rfifin.inft 

9.00 

1.80 

-44 

Nupercaine 

25.90 

4.03 

“95 


The data on relative anesthetic potency and toxicity are from ref. 18 and based on pro- 
caine = 1. Potency was determined by intradermal injection and toxicity by intraperi- 
toneal injection of guinea pigs. 


there is increased production of lactic acid in the presence of nupercaine. The 
possibility that nupercaine was brealdng down or reacting chemically to release 
carbon dioxide from the reaction mixture was investigated. Dilute hydro- 
chloric acid was accurately added to the reaction mixture from the side arm. 
Equal amounts of carbon dioxide were liberated from the buffer in the presence 
and absence of nupercaine. 

Discussion. The local anesthetics investigated in these experiments showed 
selective inhibition of respiration of brain homogenates in that the oxidation 
of glucose, succinate and ascorbate was inhibited whereas the anaerobic glycolysis 
of glucose was never inhibited. This indicates the inhibition occurs in the 
oxidative enayme chain. It is of interest that the oxidation of ascorbate which 
is catalyzed by cytochrome c-cytochrome oxidase is inhibited. That inhibition 
is occurring at this level is further supported by the fact that the oxidation of 
reduced cytochrome c by cytochrome oxidase is inhibited by nupercaine. iNu- 
percaine likewise inhibits the reduction of cytochrome c by the homogenate 
with succinate as substrate. These observations indicate the effect is on t e 
cytochrome c-cytochrome oxidase or some factor necessary for the reduction o 
the cytochrome because nupercaine does not inhibit succinic dehydrogenase M 
determined by the Thunberg method. The increased anaerobic glycolysis in 
the presence of nupercaine as determined by carbon dioxide liberation canno 
be considered an acceleration of glycolysis because the control rate is equal to or 
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grcNtcr than that m tho \e=sels with the drug for the first ton minutes of the 
ONperimcnt Tims the increase appears to be duo to a maintenance of tho high 
original rate of glj colysis bj some unc\pl lined meclianism As shown in table 5 
a correlation can be made between the tii iitro inhibition of carbohydrate o\idn- 
tion obsen cd in these CNperimcnts and the m tito potency of tho local anesthetics 
iniestigatcd In both tho comparative experiments at 0 005 ill and m tho 
determinations over a range of concentrations (fig 2) cocaine, procaine and 
motjcainc produce the least mhibition, tetracaine and butacaino are inter 
mediate, and nupcrcame gives the greatest inhibition This is in close agree- 
ment wath tho III tato potenej of the^e anesthetics as determined m pliarmaco 
logical CNperimcnts (10, 18) and by clinical experience (17) 

The author wishes to thanh Dr C L Gemmill for Ins valualilo suggestions 
m connection wath this work and Miss Dons Haynes and JIrs II T Matthews 
for their technical aid in tho experiments 

SUMVIARV 

Cocaine, procaine, mctycaine, liutacainc, totracainc and mipercaino inhibit 
the oxidation of glucose, succinate and ascorbate but do not inhibit tlic anaerobic 
glycolysis of glucose by brain homogenates 'Die oxidation and rciluclion of 
cytochrome o is inhibited, the anaerobic reduction of methylene blue m Uie 
presence of succinate and homogenate is not inhibited These results indicate 
tho blockage of the entymatio chain is occurring at tlio cytochrome c cytochrome 
oxida'e lev el or at some factor necessary for the reduction of cy tochromc c 
niere is a wade range m tho degree of inhibition by the anesthetics at 0 005 M 
and over a range of concentrations Cocaine, procaine and mctyraine give 
the least inhibition, tetracaine and butacame are next in order, and nupcrcame 
produces the greatest inliibition There is a correlation between tho tn vitro 
and in laa order of inhibition of these drugs 
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Tripelennamine (Pyribenzamine) (N'-pyridyl-N'-benzyl-N-dimethylethylene 
diamine hydrochloride) is an antiallergic and antihistaminic drug, that has wide 
therapeutic applications. Its principle pharmacologic property is the antago- 
nism of histamine, although it is not effective against the mydriasis and hypo- 
tension produced by histamine in the cat (1). Pyribenzamine also has other 
effects; it is an antispasmodic and local anesthetic (2). Sherrod et al. (3) found 
that large doses of the drug potentiated the pressor action of epinephrine and 
stimulated the uterus and duodenum in dogs. 

Mayer and Kull (2) reported that in albino rats, Pyribenzamine strongly 
reduced the extent of the normal dermal spreading of injected India ink, as well 
as the spread produced in the presence of hyaluronidase. However, it has been 
noted (4) that antihistaminic agents did not diminish the infiltration of intra- 
venously administered trypan blue into areas of increased capillary permeability, 
except when histamine was demonstrated to be the cause of the increased perme- 
ability. No modification of the try^pan blue test occurred where the locally 
acting substance was horse serum, trypsin, snake venom or staphylococcus 
toxin. Guerra (5) has demonstrated that the administration of sodium salicylate 
to rabbits suppressed the dermal spreading effect of hyaluronidase. It was 
suggested by Swyer (6) that this inhibition was due to an antihistaminic and 
not an antihyaluronidase action of the salicylates. 

A technique has been described (7) in which the in vivo activity of hyalurom- 
dase may be tested in the albino rat. When a sufficient amount of hyaluronidase 
is administered intravenously, diffusion of fluid across the capillary membrane 
occurs, accompanied by a rise in the blood hematocrit. Under given conditions, 
a standard amount of enzyme produces a predictable rise in the hematocrit. 
If, following the administration of a substance, the hemoconcentration and 
edema do not occur in response to the injection of the enzyme, that substance 
may be considered a hyaluronidase antagonist. 

Because of the role that histamine is considered to play in certain conditions 
involving fluid exchange across the capillary membrane, and because it has been 
implicated by some in the action of hyaluronidase in the body, the study of the 
efficacy of Pyribenzamine to protect against the action of hyaluronidase was 
undertaken. 

Methods and matbuiaes. One-hundretl and fifty-nine male albino rats of the Sherman 
strain, weighing 160-230 gm., were fed Purina laboratory chow and water ad lib. 1 ® 
hyaluronidase was prepared according to the method of Freeman el al. (8). The enzyme 
was assayed (9) and measured 3000 turbidity reducing units (T.R.U.) per mgm. of nitrogen. 
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P^ribcnznrainc was dissoUcd m 0 85 per cent NaCl solution, so tlint I cc contained 20 
mgm Pjnbcnzamino A dose of 7 5 mgm of tho drug per 100 gm of body weight was 
administered subcutancouslj to 30 rats Inont^ minutes later, tbo animals wore ancs 
thctired witli ctlicr and hj nluronidasc was injected intravenously, ton rats each were 
given 2500 T H U , 3750 T R U orSOOOTUU Forty rats received no pretreatment with 
P\ rilionzaminc, of these, twenty animals were given 2500 T R U , and ton rats each were 
administered 3750 or 5000 T R U hy aluronidosc intrav cnously At the end of 30 itunutc3,> 
all were bled from the aorta and eacrificed An additional twenty rats were injcctod sub 
cutnueously with Pynbcnzamino, 7 5 mgm /lOO gm One half of this group was bled 
twenty minutes and the remainder SOminulos Inter Another group of twenty normal rats 
were bled and sacrificed Tho hematoenfs of all were determined by centrifugation at 
3000 r p m for 30 rainutca 

The duration of the tn tiio inhibitory action of 7 5 mgm Pyribctizamine/lOO gm on 
2500 T R U hyaluronidnsc was studied The cnzvmo was admitiisfcrcd intravenously to 
groups of five rats at 0, 1/1, 2, 8 and 2J hours following the Pynbenz imine The animals 
were bled 30 minutes later and the hematocrits determined in the usu il manner 

TJic influcnco of the dose of Py nhcntammt on the hy aluronidosc inhibition was invcsti 
gated Pyribenzamino in do^es of 7 5, 4 0, 0 1 0 1, 0 1 and 0 05 mgm /lOO gm wasinjectcd 
subcutaneously , 2500T R U hy aluromdase w is given intravenously twenty minutes later 
One half hour following tin*!, aortic blood w is withdr iwn and the hematocrits were mcas 
ured 

Diphcnhydrairuno (Benadryl) (beta>dtmcthyIamino ethyl benzhydrvi ether hytlrochlo 
ride), another antihistnminic agent, was tested fonts ability to ant igonirc hyaluronidasc 
in Clio It was given subcutaneously to five rats 7 5 mgm /lOO gm Tiic test amount of 
hyaluronidnsc 2o00 units, was injected twenty mimiles 1 iter, and tim Jicmatocritw of the 
blood obtained at 30 minutes were determine I 

The ability of Pynbcnzaraino to inhibit hyaluroiiidasc under tn tilro conditions was 
tested PynbenzamiDe in saline solution, was incubated at room tempcrnluro with hyal 
uronidasc in phosphate saline butler at pH 5 for 30 minutes At the end of that time, tho 
enzyme was assayed in tho conventional manner (0) Ihc innucncc of pH, butler solu 
lions, tcmiicralurc, enzyme and Py nbentaminc concentrations was tested 

As a further aid in tho elucidation of the incctiamsm of action of Pynbcnzaminc on 
hyaluronidasc the effect of this drug on the blood inhibitors of hyaluronidasc was studied 
A non specific inhibitor is present in blood plasma and can be measured by a turbidimctnc 
method described by Dorfman HO) The tiler of inhibitors m the sera of thirteen normal 
male rats was measured, ns well as the level of inhibitors for eighteen male rata that re 
ccivcd7 6mgin rynbeuraminc/100 gm 

Results The animals that rccci\cd 2o0(>-5000 TRU hyaluronidasc 
alone e\lubited the changes described prcaiouslj (7) Edema of tho c^rcmities 
and face appeared within five to fifteen minutes, and became maximal at 30 
minutes, at which time the rats were sacrificed The mean hematocrits for 
these groups were GO 0, G1 0 and G2 9 per cent (figure J) Of the group that tvas 
pretreated with Pyribcnzanunc and tlicn received 2500 umts hy aluromdase, 
none developed edema The range of hematocrits was normal and tho mean 
value, 45 5 per cent, was not signifiuintly altered Of the rats that received 
PyTibenzamme and then 3750 units hyaluronidasc, two Ind no change at all in 
the hematocrit, two to four had a moderate rise and the remainder ro^^e to the 
expected levels The mean liematocnt, 5C 3 per cent was significantly less than 
the G1 0 per cent in tlic untreated group A similar partial inhibition occurred 
with tho'^e pretreated animals that received 5000 units hy aluromdase The 
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range (42-50 per cent) and the mean hematocrit (46.0 per cent) obtained for 
the twenty normal rats was almost identical for that of a group of 150 normal 
male rats in this laboratory. Pyribenzamine alone caused no significant altera- 
tion of the hematocrits of twenty rats. 

The time interval between the administration of Pyribenzamine and the test 
dose of the enzyme influenced the results (table 1). When they were injected 
simultaneously, a wde range of hematocrits was obtained, depending on the 



II No prefrvctmont 

tS! FVibcnzoml’vo TSmg/lOOQmi tubcut 20 min before HjrolurondoM 
•- Mean H«notocr«! 

Fig. 1. In vivo Inhibition of Hyalubonidase by Pykibexzahi.s'e 
The modification by Pyribenzamine of the hematocrit response of the albino rat following 
the intravenous injection of hyaluronidase. 

rate of absorption of Pyribenzamine from the subcutaneous region. The mean 
value (55.2 per cent) was significantly lower than the expected value (60.0 per 
cent), and was evidence of a partial antagonism. At twenty minutes and two 
hours, complete inhibition occurred. After eight hours, the Pyribenzarome 
had lost very little of its effect; the mean hematocrit one-half hour foUomng the 
test dose of enzyme was 49.8 per cent. After 24 hours, Pyribenzamine no 
longer modified the action of hyaluronidase. 

Variation of the dose of P 3 Tibenzamme disclosed (table 2) that 4 or more 
mgm. P3Tibenzamine per 100 gm. produced complete inhibition; 0.4-0.8 m^-/ 
100 gm. resulted in partial inhibition and 0.1 or less mgm./lOO gm. caused litt e 
or no modification of the action of hyaluronidase. 
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Bcnndr}! approximately as acti\c ns PjTibcnzimmc (tabic 3) m its 
inliibitorj action on liyaluronidase 

Pjnbenzamme failed to inhibit hjaluronuhso tn iilro The concentration 
of Pj ribenzaminc was ^a^lcd from 0 01 to 2 5 mgm /cc and the hyaluronidase 

TVIUl 1 


DxiraUon of in \i\o iii/iitinon of SSOO tmth hynlumntdaie following ndininislrntwn 
of Pyrxbemamxnc 


TTWE or AD«lStCT«ATlO'l Or rYllBtH , 

*A«tyt me* to nvAtCkOMDAst* 

no OrAKIVALt 

UCAS nrUATOCtlT 

kft 


fer ctnl 

0 

•5 

55 2 

1 

10 

J5 5 

2 

5 

! n 2 

s 

i 

; 40 8 

24 

b 

i 00 5 


• Pinbenz'iminc injected flubcutftncouili 7 5 mRin /lOO pn 


tabu: 2 


Effect of dosage of Pyrihcmainint on in \uo tnAttiJion of SSOO units /ivaZurofiit/ojc 


oosAce 

KO OrAMIMAt* 

iftXH HTMATOaUT 



ftr etHt 

7 5 

10 

45 5 

1 0 

5 

45 0 

0 8 

5 

53 8 

0 4 

5 

50 8 

0 1 

5 

57 C 

0 05 

K 

5$ 6 


Hyaluronidase injected 20 minutes after administration of P^ribcnzammc 


TABLE 3 


In VIVO inAi6in<m of hjalurontdase by Pyrthenzaniinc and Penadryl 


DIVO 

AMOClTf OF 
nYAL(,*0'(IZ>ASS 

KO or AKIUALS ' 

UZAH 

niUATOCXIT 


TRU 


ftr tint 

Pj nbenzaminc* 

2500 

10 

45 5 

Benadryl* 

2500 

5 

48 2 

None 

2500 

1 20 

CO 0 

None 

0 

20 

40 0 


* Drugs administered subcutancouslj 20 minutes prior to the hi duromdaso Dosage 
7 6 mgm /lOO gm 


from G to 330 T R U /cc Tins reaction v.as tested at pH 5 and 7, at 20 O’C 
and 37 5*C , and in borate buffer and in phosphate saline buffer 
The mean of the blood plasma inhibitors of tlnrtcen normal male rats ov as 75 1 
zfc 4 3 units per cc Eighteen rats received 7 5 mgm /lOO gm of Pynbcnzamine 
subcutaneously and the mean plasma inhibitor le\cl was 03 8 ± 0 6 units per cc 
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The difference, 11.3 units/cc., was within the experimental error and was not 
significant. 

The enzyme used in these experiments was analyzed (11) for histamine*; none 
was present. 

Discussion. Pyribenzamine inhibited the “hematocrit and fluid diffusion” 
effects of hyaluronidase in the albino rat. The action of 2500 T.R.U. of the 
enzyme wms completely antagonized and partial modification of the effects of 
5000 T.R.U. was obtained. When Pyribenzamine was administered in doses 
comparable to those given to humans, only partial inhibition of the hyaluronidase 
was elicited. However, adequate doses of the drug were effective up to eight 
hours following its administration. Benadryl, another antihistaminic compound 
vdth a different chemical structure, was equally active in antagonizing hyaluroni- 
dase in vivo. These experiments confirm those of Mayer and Kull, in which 
they described inhibition of the skin diffusing action of hyaluronidase in the rat. 

Some of the factors that might be concerned with this in vivo property of 
Pyribenzamine have been investigated. Since Pyribenzamine and Benadryl 
are primarily antihistaminics, the role of histamine must be considered, Swyer’s 
suggestion that histamine, that might have been present in testicular extract, 
was responsible for the spreading action of hyaluronidase, was not confirmed; 
no histamine was demonstrated in the hyaluronidase preparations. The intra- 
venous administration of 1.0 mgm. histamine phosphate failed to produce 
comparable effects in the albino rat (7). In addition, neither the “fluid diffusion 
and hematocrit” effects nor anaphylaxis resulted from the intravenous adminis- 
tration of large amounts of hyaluronidase to the guinea-pig, an animal particu- 
larly sensitive to the action of Iiistamine. However, histamine or a liistamine- 
lilre substance may be elaborated by the rat in response to the injection of 
hyaluronidase, and the P 3 'Tibenzamme may exert its blocking action at this 
site. The other possibilities to be considered are that a yet unknown inter- 
mediate or group of intermediates are antagonized by the antihistaminics, or 
that Bjuibenzamine is activated by some substance in the body so that becomes 
a true anti-hyaluronidase substance. 

In vitro, Pyribenzamine did not inhibit hyaluronidase. The level of blood 
inhibitors was not increased by this drug, nor was there any demonstrable altera- 
tion of the hemodynamics of the rat. The exact mechanism of inhibition is 
still obscure. 


SUMMARY AND CONCLUSIONS 

1. Tripelennamine (Pyribenzamine) (N'-p 3 Tidyl-N'-benzyl-N-dimethyl- 
ethylene diamine hydrochloride) inliibited the “hematocrit and fluid diffusion 
effects of intravenously administered hyaluronidase in the albino rat. 

2. In vitro, himluronidase was not antagonized by P 3 T:ibenzamine. 

3. The level of non-specific plasma inhibitors of hyaluronidase did not rise 
foilo\ving the administration of Pyribenzamine. 

' The authors are grateful to Drs. Sanford M. Rosenthal and R. C. Millikan, National 
Institute of Health, Bethesda, Md., who performed the assay. 
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4, The possible role of the anti-histammic dntgs in byaluronidiise inhibition 
was discussed. 
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The studies of Loew, Kaiser and Moore (1) on the effectiveness of some 
seventeen various benzhydryl alkamine ethers in preventing fatal histamine- 
induced bronchoconstriction in guinea pigs, established the general range of 
structure exhibiting anti-histamine activity in this type of compound. The 
most active of the compoimds they studied was the benzhydryl /3-dimethyl- 
aminoethyl ether, later to be Icnown in the form of its hydrochloride under the 
trade name of Benadr3d. Wliile a relatively large number of compounds were 
studied, consideration of the structures in detail shows the /S-methyl-/5-mor- 
pholinopropyl ether to be the only branched chain aminoallcyl ether studied, 
and the y-diethylaminopropyl and y-morpholinopropy] ethers the only 7- 
aminopropyl ethers studied. Inasmuch as the morpholine and diethjdamino 
groups in compounds were found to be distinctly less active than a corresponding 
diraethylamino group, a study of the effect of methyl substitution of the ethyl 
group in dimethylaminoethyl benzhydryl ether was indicated, and also a study 
of the benzhydryl 7-dimethylaminopropyl ether. 

Four mono-substituted derivatives of benzhydrylamine were also included 
in these earlier reported studies, but dimethylaminoethyl compounds were not 
included. Inasmuch as mono-substituted amines correspond to both alcohols 
and ethers in the nitrogen system of compounds, it was necessary to prepare the 
dimethylaminoethyl derivative of benzhydryl methylamine in order to afford 
a true comparison between benzhydryl oxygen and nitrogen ethers (see Franklin 
( 2 )). 

The earlier studies of Lehmann and Knoefel (3) of the spasmolytic action of a 
large number of aminoalkanol esters of 9,10-dihydroanthracene carbox3'Iic 
acid and related compounds had shown that esters of this type might also have 
very high anti-histamine activities as well as considerable anti-acetylcholine 
activities. Accordingly, our study was extended in the benzhydryl series of 
compounds to esters corresponding closely in structure to the ethers that had 
been shown to be most active ndth regard to antagonizing histamine. This 
extension of our study led to compounds like and including the diphenylacetic 
ester of diethylaminoethanol, which is known under the trade name of Trasentine. 
This compound is clinically notable for its anti-acetylcholine activities, and this 
series of oiu compounds was also comparatively valued for this kind of activity. 

The compounds used were synthesized in our laboratories by C. Ernst Rede- 
mann and Burnett B. Wisegarver, their identity being concluded from the 
methods of synthesis used, together with precise analyses of nitrogen or halide 
content, or both. 
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The studies of Loew, Kaiser and Moore (1) on the effectiveness of some 
seventeen various benzhydryl alkamine ethers in preventing fatal histamine- 
induced bronchoconstriction in guinea pigs, established the general range of 
structure exhibiting anti-histamine activity in this type of compound. The 
most active of the compounds they studied was the benzhydryl /S-dimethy]- 
aminoethyl ether, later to be Imown in the form of its hydrochloride under the 
trade name of Benadryl. While a relatively large number of compounds were 
studied, consideration of the structures in detail shows the i3-methyl-j3-mor- 
pholinopropyl ether to be the only branched chain aminoalkyl ether studied, 
and the y-diethylaminopropyl and y-morpholinopropyl ethers the only 7- 
aminopropyl ethers studied. Inasmuch as the morpholino and diethylamino 
groups in compounds were found to be distinctly less active than a corresponding 
dimethylamino group, a study of the effect of methyl substitution of the ethyl 
group in dimethylaminoethyl benzhydryl ether was indicated, and also a study 
of the benzhydryl 7-dimethylaminopropyl ether. 

Four mono-substituted derivatives of benzhydrylamine were also included 
in these earlier reported studies, but dimethylaminoethyl compounds were not 
included. Inasmuch as mono-substituted amines correspond to both alcohols 
and ethers in the nitrogen system of compounds, it was necessary to prepare the 
dimethylaminoethyl derivative of benzhydryl methylamine in order to afford 
a true comparison between benzhydryl oxygen and nitrogen ethers (see Franklin 
( 2 )). 

The earlier studies of Lehmann and Knoefel (3) of the spasmolytic action of a 
large number of aminoalkanol esters of 9,10-dibydroanthracene carboxylic 
acid and related compounds had shown that esters of this type might also have 
very high anti-histamine activities as well as considerable anti-acetylcholine 
activities. Accordingly, our study was e.xtended in the benzhydryl series of 
compounds to esters corresponding closely in structure to the ethers that had 
been shown to be most active with regard to antagonizing histamine. This 
extension of our study led to compounds like and including the diphenylacetic 
ester of diethylaminoethanol, which is known under the trade name of Trasentine. 
This compound is clinically notable for its anti-acetylcholine activities, and this 
series of our compounds was also comparatively valued for this land of activity. 

The compound used were synthesized in our laboratories by 0. Ernst Rede- 
mann and Burnett B. Wisegarver, their identity being concluded from the 
methods of synthesis used, together with precise analyses of nitrogen or halide 
content, or both. 
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TABLE 1 

Average reduction of guinea pig ileum response to 10~^ molal histamine 


(Number of trials averaged) 


CHEiUCAL COiOOtTKD 

10-»M 

a COKCEKTSi 

S X 10-’ M 

i.TlOK 

10-* M 

^'1 ^-Diphenylmethyloxy-ethyl dimethylamine (Benadryl) 

44% 

88% 


HCl M\V 292 

(5) 

(3) 


iSf2 ce-Methyl-jS-diphenylmethyloxy-ethjd dimethylamine 

15% 

20% 


HCl MW 306 

(6) 

(4) 


#3 o(,a-Dimethyl-/3-diphenylmethyloxy-ethyl dimethyl- 

13% 

46% 


amine 




HCl MW 320 

(5) 

(5) 


)?1 p-Diphenylmethyloxy-ethyl dimethylamine (Benadryl) 


81% 


HCl MW 292 


(4) 


^4 /3-Methyl -)3-diphenylmethyloxy-ethj'l dimethylamine 

1% 

11% 


HCl MW 306 

(2) 

(4) 


Mb ^,|8-Dimethy]-^-diphenylmethylox'y-ethyl dimethyl- 

2% 

3% 


amine 




HCl MW 320 

1 (2) 

(4) 


Ml ^-Diphenylmethyloxy-ethyl dimethylamine (Benadryl) 

' 49% 

79% 


HCl MW 292 

(3) 

(10) 

1 1 


Mb 7 -Diphenylmethyloxy -propyl dimethylamine 

12% 

1 61% 


acid succinate MW 388 

(4) 

(9) 


Ml /3-Diphenyimethyloxy -ethyl dimethylamine (Benadryl) 

63% 

77% 


HCl MW 292 

(2) 

(3) 

[ 

M7 ^-Triphenylmethyloxy-ethyl dimethylamine 

0% 

10% 


HCl MW 36S 

(1) 

(6) 


/3-Diphenylmethyloxy-ethyl diamethylamine (Benadryl) 


53% 

92% 

HCl MW 292 


(2) 

(7) 

MS ^-Diphenylmethylamino-ethyl dimethylamine 


3% 

40% 

diHCl MW 327 


(3) 

(6) 

M9 p-Diphenylmethyl-methylamino-cthyl dimethylamine 


5% 

3% 

diHCl MW 341 


(2) 

(4) 

M 10 ^-Diphenylmethylamino-etbyl trimethylammonium 


0% 

26% 

methosulfate MW 380 


(1) 

(6) 


as when the link was of an alcohol-ether of the nitrogen system. The quaternary 
ammonium compound ^ 10 was of closely the same activity as the tertiary 
amine compound ^ 8, fitting in mth the observations of Loew, MacMillan an 
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trials) reduction under the same conditions. This fits in with the observations 
of Winder, Kaiser, Anderson and Glassco (5) that the conversion of Benadryl 
into the corresponding quaternary ammonium does not notably affect ai{ti- 
histamine activity, but does appreciably increase anti-acetylcholine activity 
under the test conditions. i 


SUMMARY 

1. The anti-histamine activities of a series of ethyl substituted dimethyl- 
aminoethyl benzhydryl ethers were evaluated and all found to be less active 
than the imsubstituted dimethylaminoethyl benzhydryl ether (Benadryl). 

2. Certain corresponding derivatives of benzhydryl amine and methylamine 
were also studied and were found to be less active than the o-vygen ethers in 
both their anti-histamine and anti-acetylcholine activities. 

3. Dimethylaminoethanol benzhydrylacyl ester and dimethylalkylcarboxyl 
benzhydrol esters, closely corresponding in molecular size to the more active 
dimethylaminoalkyl benzhydryl ethers, were studied and found to be less active 
in their anti-histamine activities, and no more active in their anti-acetylcholine 
activities. 
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trials) reduction under the same conditions. This fits in with the obsen'atioas 
of Winder, Kaiser, Anderson and Glassco (5) that the conversion of Benadni 
into the corresponding quaternary ammonium does not notably affect aifti- 
histamine activity, but does appreciably increase anti-acetylcholine activity 
under the test conditions. ^ 

SUMMARY 

1. The anti-histamine activities of a series of ethyl substituted dimethyl- 

aminoethyl benzhydryl ethers were evaluated and all foimd to be less active 
than the unsubstituted dimethylaminoethyl benzhydryl ether (Benadryl). ^ 

2. Certain corresponding derivatives of benzhydryl amine and methylamine I 
were also studied and were found to be less active than the oxygen ethers in 
both their anti-histamine and anti-acetylcholine activities. 

3. Dimethylaminoethanol benzhydrylacyl ester and dimethylalkylcarboxyl 
benzhydrol esters, closely corresponding in molecular size to the more active 
dimethylaminoallcyl benzhydryl ethers, were studied and found to be less active 
in their anti-histamine activities, and no more active in their anti-ace CytehoJisn 
activities. 
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CARDIO ^'ASC^JLAR ErFECTS OE TWO ALIITIA'IIC UIINES iVND 
or EPHEDRINE' = 

IlOnCIlT r WALTON AND OLIVLll J BnODID 
Department of Pharmacology, Medical College of South Carolina, Charleston, S C 
Ilcccncd for publication rebruor} 2o, 1019 

Tuo aliphatic amines, uhoso cardio \ASciiIai clTctts ha\c lioon (iesciibcd in 
pre\ ions reports (l“7)lm\cbc<.n subjcctwl to further cvpcnrncntal slud\ In the 
cKpenmcnls rcportwl here, these umines, 2 mctliihmino (> h>(lroN\ limcttnl 
hcjitaiie (DA S3) (Aranthol) and C methjl immo 2 mclln I 2 hcptcnc (Octin) 
u ere further characterized dctcnninations in\ oK mg toiitnctilL force ch ingos 
of a section of the. right \cntncle, ECG recordings in unancstlictizcd dogs, iso 
latcd rabbit lic.irt preparations, local \asoconslrictor c\pcnmenls and a limited 
number of obscr\ itions in patients at minimal {10*50 ranges Uhc first of tlicsc 
compounds (^Vranthol) \\as e\amined m most detail and, in borne mstanccs, 
direct e\pcriracntal comparisons were made with cplic<lrinc 

ExrcniMCNTAL Contractile force changes of a section of tlie right ventricle were do 
tcrmincd bj procedures pre\ iou3l> desenbed (6) More rocenllj , there has been a dcscrip 
tioQ of the ph)8ioIogic factors innuencing results obtained b> tius method (S) The 
mctliod, os used hcrc,in>oUcs the use of dogs in open chest preparations nith simultaneous 
recording or deterinitiation of artenal pressure, heart rate and venous pressure, the latter 
being determined b> a manometer containing hepantnzed saline and connected direct^ to 
a cannula opening cither into the innominate \cin or the supLrior \cna cava ECO re 
cordinga were all made from Lead 11 Observations with isolated rabbit heart preparations 
were made with on apparatus designed todrain awA> the flow obtained from a light nlumi 
num tube inserted into the left ventricle This flow was recorded in addition to recordings 
of the perfusion flow coUcclcd in the usual waj The flow in each ease was recorded drop 
wise bj electronically actuated circuits It Iios later been found desirable to insert a cog 
wheel counting arrangement m the circuit to limit recording to over> tenth drop in the ease 
of the flow ordinarily considered to represent coronary flow Unless otherwise indicated, 
the amines were used in the form of their hydrochlondo salts 

Ri sui/rs Cxpenmenls determining influence on contraclile force of a median 
of the right tenindc These experiments uene cic^ignctf <o c/ctcrimno (1) the 
average dose producing an increa‘?c m contractile force of about 30 per cent 
(nrbitranl> designated ns the "stimulant dose ”)» (2) the average fotal do'^ winch 
given m various mst illmcnts produces a distinct depression of conlractih force 
(arbitranlj designated as the "reversal dose"), (3) the direct compuiMMi of 
"reversal doses" for two amines in the same experiment, (4) the appioximitc 
period at which a high level of increased contractile foice can be maintained b> 
the use of such amines 

Conclusions are based on previous!} lepoitcd expeninents under the s.uno 
conditions (4, 5), and, additional!}, on !7 experiments subscqucntlv conducted 

* Preliminary abstract report in Tod Proo , 6. 380, 1947 

*This study was supported in part by funds from the Bilhubor Knoll Corporation, 
Orange, N J 
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Results are partly summarized in table 1. In these particular experiments, 
changes in heart size were not found to be of sufficient magnitude to warrant 
calculation of the corrections which might have been introduced to compensate 
for variations in heart size (8). 

In determining the “stimulant doses” of table 1, it must be recognized that 
even with these small doses there is decreasing response with repeated injections. 
There is not, however, sufficiently rapid decrease to prevent a considerable 
number of comparative determinations at this low dose range in the same experi- 
ment. The figures for the "stimulant doses” refer to initial doses. Further, 
in the experiments determining “reversal doses” it must be recognized that at 
this higher dose range, these amines commonly produce varying degrees of 
initial, temporary depression followed by stimulation. In calculating the 
results, only the more prolonged stimulant phase was considered. The data in 
table 1 did not include experiments in which the amines were alternated at high 
dose ranges. 

These data can be taken to mean that commonly ephedrine, when given in 
various installment schedules, will produce depression of cardiac contractility 
when the total dose reaches a figure about one hundred times greater than the 


TABLE 1 



AV. 

AV. 

“SEVEJSAl dose” 


“SiniDtANT dose” 

"EEVEI8AX dose" 


Ephedrine HCl 

tnjm./Ajm. 

0.10 

0.15 

0.70 

mgm./kpn. 

10,0 

13.5 

100 

Octin HCl 

go 

Aranthol HCl 

400.0 

570 



“stimulant dose.” Likewise, Ai'anthol can be given by installments until the 
total dose is about five hundred and seventy times the “stimulant dose” before 
producing depression of cardiac contractility. Although these figures are con- 
siderably influenced by the size and frequencj’’ of the installments, they can be 
taken here as being generally representative of the relation between these drugs 
when compared on the basis of a variety of installment schedules. 

The direct comparison of “reversal doses” for two amines in the same experiment. 
In a different type of experiment, Aranthol and ephedrine were alternated at high 
dose ranges, as illustrated in fig. 1. The “stimulant doses” were first determined 
in the same experiment and then increasing multiples of these doses were given. 
In the experiment illustrated, the “stimulant dose" with Aranthol was found to 
be about ten times greater than the comparable dose of ephedrine. Increasing 
doses of the two drugs were then given, the Aranthol doses being ten times 
greater than the ephedrine doses ivith which they were alternated. As can be 
seen from the figure, ephedrine produced distinct depression of the contractile 
force with doses approximately ten times those of the original “stimulant dose, 
while Aranthol continued to produce predominantly stimulant effects noth doses 
approximately 160 times its original “stimulant dose”. 
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DctoimiiulJoiih of *‘H‘\rrsal dos?’' indicate liotli t. thvphylaelie Irndciu us and 
limitation of tlie diUK caidiic* Mimuhiit but need not lUMe-vs'uih pue an 
index of the total do'-e ne(<‘'‘siiY to Mop the lieait in this tvpe of picpaiation 
Tor instance, on ocaaMon, at ceitam dew' levels (in the ranse of 10 mj;m /kgm ), 
ephednne caused icvcimI of the tj’jncal caidinc stimulant attion in the tir'^t few 
do-'Cs admini'-tercd, }et the hcait simixcd many sulisecpient do‘«Ls of the smie 
amount In tluec instances of this sort, leUlivclv tremendous total doses weie 
given iieforc Mopping the heart. In the most cxtiemc' (aM‘, Iwentv doses of 
ephodnne 10 mgni /Kgni , followed hv eleven doses of 20 mgm /Kgm wer 
administered before stopping the heart This amounted to a total of 1200 


luiiiiiiiiii iiiiij.ini iiiiiiiiMi iiiiiiiiiiiiiiiiiiiiiiMiii 

AR. CPK AR. £pa AR. EPa AR, EPH. AR. 



Pir. 1 Oppn clu si iloj? propirttioii umlcr pcntiil)ul)il U turlul'i! nncslhcsia with hi 
] itcral \ ifjo s^mp ithoi loan Upjx r ireont — -m\o( trdiDKr iph lovci tnuniR 1 m irrkd 
fiKiins —cniitnctilo force (ui nas) «if i frction of tlu nnht veuluch This mu Ih ip 
fcrrrd to as iMmu-tncBVslolir tension <I S T ) MnMh icconl — irtei i »I picssuir Inituil 
lc\o! Ill fir«l sett ion of this fij'uic is ahoiii 0(1 nmi Ur Lowest rcroni —time in nnniites, nt 
zero 1) ISO lino For irtrn d pressure I.phedriiK and Ai inthol In drnchloiides were Riven 
intrnenousK the <los(s of wlmh nre ireorded m the lowest set of fiRUres on tlie basis of 
iiiRm /IvRin 'this put of tnciiiR w is prccedeil 1)\ n senes of conipiialive tests (17) in 
which \r\nOiol when rimu m tO timesRreiltr doses w isshn \ u to\>e nppro\nnalei\ erpin 
dent to epliediuie in jdnlili to inriease emilraetilc force 


“stimulant doses” dining a period of five houis In two othei similu expcii 
meats, tot il doses m the lange of 3500 “stimulant doscs” wcio leciuued No 
such extieme amounts, m teims of “Mimulant doses”, weie sunned in the 
cxpcnments with Aianthol, although not inanv' expenmonts wore conducted at 
this pirticuhi level of installment dosage 
On the other hand, when inMallmcnts of two humhed “stimulant doses” weie 
given ephodnne pioved to he lelativclj moie toxic In two cxpciimcuts, onlv 
two such injections (each about 20 mgm Agm ) with cphediinc weie necessiiy 
to stop the lictrt, whereas m four othci experiments with Aianthol, three, five, 
eight , and elev on sueh injections (cadi about 200 mgm /Kgm ) w ere sur\ n cd 
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Delerminalions of ike 'period during which a high level of increased coniraclilc 
force can he maintained. Two experiments of this sort with Aranthol are illus- 
trated in figs. 2 and 3. In the first, a series of intravenous injections were given 
and in the second, one large subcutaneous injection was given after which sub- 
sequent injections were without important influence. From these and other 
experiments, it was concluded that with selected doses of Argnthol, the con- 
tractile force of the heart can be maintained for three to four hours at a level 



Fig. 2. Schematized record of changes in contractile force (e.vpressed as percentage of 
that in the control period) and arterial pressure (in mm. Hg). Same e.xperimenfal conditions 
as in fig. 1. Aranthol HCl was given intravenously in doses indicated by figures below 
arrows (doses on basis of mgm./kgm.). 



Fig. 3. Same recording and conditions .as in fig. 2. Two doses of Aranthol HCl tOO 
mgm./kgm. subcutaneously were followed by three doses of 50 mgm./kgm. intravenously. 


about 40 per cent greater than that of the control period. Higher levels (in the 
range of 100 per cent increase) can be obtained but will not ordinarily be sustained 
for this period of time. 

These experiments demonstrate that when Aranthol is administered until the 
heart is no longer capable of further stimulation with this drug, the heart then 
becomes refractory and repetition of relatively large doses does not seriously 
depress the heart. This latter feature constitutes one of tlie major distinction.'' 
of this drug as contrasted with Octin or ephedrine. 
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Concomitant cffcch During all tlicac txiwiimcnts llic rc "pond's in aitcnal 
pressure, wliicli ^\or( (Itttmiintd Fimull uioon«li , indicated tint Arantliol 
produced \ pomcwliat Ic^'^r degree of lopcilnmon than cplicdrinc when guen 
III (ompiiibic m^oclrdnl '•timid int doses Albo aiterml pressure response*' 
with Vranthol were more subject to ta(h>ph>l'i\ts tlnn wcie lesponses of 
t irdiic contractile force ith multiples of two htindicd times the stimulant 
do-e, Aninthol frcquentlv produced i marked fill m irtcrial picssurc while at 
the simo time prmlucing in inert i^c m conti ictile foui With Arantliol, the 
venous pressure gontralh decreased slighth as the stimulant elTect of the amine 
Iiegan, and then iiicreiscd ibout 5 to 13 mm w itei pressure is tlic stimulint 
action bet imc fulh established l^etuni to control level took pi ue as the heart 
stimulant action diminished Ihe hcirt rite m these v igotomizcd animals was 
usunllv increased about 20 per tint when olhti stimulant cfTccts we ic manifested 

nicctrocarihographic cffcch Vlthough ptem itiirc he its and niegul ir rhj tlirns 
were uncommon during the ibovc ( \pcrimcnts, thoie was still re non to expect i 
stgnifii lilt degree of euch rffc( ts if similar do^cs are gi\ eii w ithout the protect ion 
of baihitumtc inesthcsii Vccoidmglj , a senes of intravenous injections were 
given in eight normal, un incsthctized dogs, while HCG records were t ikcn bcfoie 
and ‘vftcr each injection In haU thc«e irmU, the sequence of injections was 1, 
10, oO, and oO nigm /kgm , administered over priiods varying from one to two 
ind ilnlf hours Dus amounted ton total of 111 mgm /kgm , admmistcied in 
periods of two and a h df hour^ or le«& In the other half of the experiments, 
onlv thefiisttwooi three injcctioiisof this scncb wciemadc Doscs of 1 mgm / 
kgm mu illv show cd no cfTects oi mild m imfcstations of the same effects as w ith 
Iirger doses With the 10 and oO mgm /kgm do«cs, the chai ictoristic initial 
elTcct w IS first i modcr ile hridvcartli i, often witli vcntmulai or nodal rh} tlims 
At other times, or suh'-equentb , there would be tachycirdin and showers of 
ventricular ectopic beats Vcntriculii ectopic t iclivcardu usu iIlv dis^ippcarcd 
111 one hour or less If ectopic tachvcmlii was prcxluccd by one dose, a sub 
sequent dose of the same size might not prcxUico as much inegul intj as tlic hist 
All dogs sun IV cd these injections and two liours aftci the last injcc tion usu ilh 
showed approxim itcl> normal rhythm and late IJ} compinson, ephednne m 
do'^cp of 3 0 mgm /kgm iindci similar conditions usually pioducos a profound 
brad) caidia 

effects on isolated heart preparations In cxperimentb with isolitcd hcirt 
picparations, it has been general pohc> to ignore the fact that changes of v anous 
sorts and particularly drug changes, can affect the integrity of the aortic valves 
and thereby affect conclusions biscd siraph on mca«uiomcnt of total perfusion 
flow (Changes of flow in the Thcbesim vessels oi channels such as those 
dcsciibcd by Weirn are probibl) negligible factois ) Ihis disturbing factor of 
lortK valve leikagc w is dcmonsliatcd b) Wiggcis (9) in 1909 ind has been 
more reccntlv recognized b) Winder and Kaisei (10) We have for some time 
been experimenting with determinations of this sort, piimanly for tlic purpose of 
obtaining a more definite dcmonstiation of tlic coronaiy’’ flow eh ingcs occurring 
during the phase of dcpiessant action by sympathomimetic amines It is 
logical to consider that coronarj spism ma) be a causatiyc factoi m this typical 
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depressant action. Previous experiments have shown tliat the over-all perfusion 
flow does not indicate any important degree of coronary spasm during the effect. 
Nevertheless, it was considered desirable to demonstrate that changes in aortic 
valve leakage did not vitiate the correctness of such conclusions. Our observa- 
tions have not conflicted with the prevailing opinion that depression bj" sympa- 
thomimetic amines is due primarily to some other factor than coronary spasm. 
We have, in fact, found that coronary flow frequently increases during the 
periods of depressed stroke amplitude. Further, we find that it is only infre- 
quentl}^ that aortic valve leakage develops to such degree as to vitiate conclu- 
sions regarding coronary flow changes. The effect, however, does occur, and it 
would probably be well to make this additional determination in those instances 
where determinations of coronaiy flow are of critical value. 

The effects of Ai'anthol were compared along with those of Octin and ephedrine. 
It is generally true that each of these three amines will cause an increase of 
amplitude stroke and rate most readily on their first application. Subsequent 



ARANTHOL EPH. EPH, EPH. OCT. OCT. iiavf 


4a 4b 

Fio. 4a. Isolated rabbit heart preparation. (1) Heart lever tracing. (2) Drop'vise 
record of ordinary perfusion outflow. (Changes thus recorded can not be recognized when 
tracing is reduced for publication.) (3) Dropwiso record of flow from accumulation in Im 
ventricle (4) Time in minutes. Aranfhol HCl was injected into perfusion tube near the 
heart m dosage of 0.35 cc. 10 per cent solution during interval of about 40 seconds. Per- 
fusion flow rate about 10 cc./min. 

Fig. 4b Same recording and conditions as fig. 4a. Comp.arison of effects of ephednne, 
Octin, and Arantho! hydrochlorides. (Ephedrine HCl 1 per cent; Octin HCl 1 per cent; 
.Aranthol HCl 10 per cent.) 


applications will cause stimulation of lesser degree or outright depression. Still 
further applications of each of these causes relativelj' uniform degrees of depres- 
sion and can be repeated a considerable number of times with only moderate 
acceleration of the natural decline in activity of this heart preparation. This 
has made it possible to repeat comparisons of these three drugs several times m 
the course of one experiment. Wien injected into the perfusion fluid at a point 
near the aortic cannula, Aranthol on first application usually increases stroke 
amplitude and rate. With perfusion flow rates of approximately 10 cc./niin. 
the effect can ordinarily be obtained with amounts of 0.2 to 0.5 cc. of 1 per cent 
to 10 per cent of the hydrochloride (see fig. 4a). Subsequent injections of these 
or larger amounts will produce a lesser degree of stimulation or clear depression. 
Wien compared on the basis of a 1 per cent solution of Octin hydrochloride, a 
1 per cent solution of ephedrine hydrochloride, and a 10 per cent solution of 
Aranthol hydrochloride, the Aranthol causes a more frequent and greater degree 
of stimulation on first application and a lesser degree of depre.ssion on subsequent 
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api)litirition«. 'Jlic difTertnce i* cli-tmct but mcylcrate figs, -i!* and 5). 
Under these condition^, Octin i- j-omculiat more deprrs£ant tlian ephedrinc. 
Tiic relative moleciibr concentration^ of f>a«c iisod here arc: Ephedrinc* 1.0. 
Octin l.lo,and Aranthol lO.-l. Coronary* flotv i.*? increav^d toa *omc'\hat grc:iter 
degree nith Aranthol than ^^^lh the ollierH. although the distinction i« not gn*:it. 
In the ca^c of each of the three amine-, coronarj* flo'.v may lx? increasc-d during 
the intenal of depression and, accordingly, thi- dcprcs-ant action must Ik* 
interpreted on tlie Ira-ri** of some other efTc'Ct tlian coronan' **pa^. 

Tlie relations between cardiovascular efiects of thc*>e thre-e amines, thus 
observed with tlic isobted heijrt preparation, arc in agreement with the rebtion- 
obscr\*od in the op-^n-cliest experiments witli dog'. 

L<Kal ta^on*(ncior aclion. Arantliol did not nppcjir to lx? a verx' marked 
vasoconstrictor a.** judged by our cirtubtorx* cvjvcriment*- in tlog? and by deter- 
mination' of coronan.’ perfusion rat<*- in i'C»bte<l rabbit heart*. Tlii- impre>.'ion 



Fro. 5 Sam«* rpcording aii(J conditions as ts»fo*T. I>.-ug:« ta'tn throush«jyt in 1 0 cc, 
\oIunK- of solution 

lia*- Ijcen borne out by more direct observations tiring a k?! of condition* wliicb 
*imuble one of tljc more common applications of local vasoconstrictors, that i*. 
the u*e a.* a ‘‘chemical tourniquet when injected along with brge subcutaneous 
do*es of cocaine. A *eries of ten dos- were inject c-d with cocaine liydrochloride 
in doses of 30 mgm., kgm. .*ulK*utam*ou*h’. With ecjual \oIumes of .solution, 
vaiynng concentration* of Aranthol were alM> included in tlie injected .solutions. 
The concentrations required to give effective protection again't the U’pical 
systemic effects were in the range of 10 per cent and 20 jK-r cent. lK)wer con- 
<x*ntration> permitted the development of tj*pically extreme excitation effect*, 
which were controlled with pentolxirbital. Under tlicse -amc condition?, 
rpinephnne i* effective m concentration* of 1 :25,000 to 1 : 10,009. 

Cltm^al Inals, \ total of alwut twenty inlravcnou* injections with Aranthol 
were made in sc;en patient* bj' Dr. J. A. Bfxme and Dr. F. M. Ball. D{>*es up 
to 3 cc. of the 10 per c-ent solution injected over period' of al>out tivo rainutes 
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produced no clear effects although one patient, an instance of Class IV decom- 
pensation, exhibited brief showers of premature contractions. There were some 
suggestive indications of improvement in conditions of heart failure. This series 
can be taken, however, to indicate no more than that this drug administered on a 
weight basis exhibited less marked hypertensive effects in patients than in 
animals under the described experimental conditions. Further clinical trials 
of a more extended nature are being conducted by Dr. George J. Thomas. 

Discussion. Sympathomimetic compounds have been generally recognized 
as producing intense stimulation of cardiac contractile force. The effects, how- 
ever, have ordinarily been considered too brief and too much associated with 
pressor effects to warrant consideration for use in conditions of heart failure due 
to disease. Modification of these drugs in the direction of that which has been 
shovm for Aranthol would indicate better possibilities for such application in the 
more acute types of heart failure. A wider selection of drugs in this category, 
with demonstrated cardio-vascular characteristics, should prove advantageous 
in the management of anesthetic and surgical emergencies as rvell as for other 
conditions in which synthetic variants of ephedrine are used. Among the latter 
majf be mentioned their use in combatting the hypotension of spinal anesthesia 
(11-16), in increasing excitability of the heart in special instances of block 
(17, 18) and in the management of orthostatic hypotension (19). Another 
suggested application of this sort is in the type of circulatory failure due to 
reflex arteriolar dilation such as has been described as occurring after penetrating 
stab wounds of the chest (20). 


SUMMARY 

2-Methylamino-6-hydroxy-6-methyl heptane produced in dogs pressor effects 
and cardiac stimulation when given in doses five to ten times greater than those 
producing comparable effects with ephedrine. In contrast to ephedrine and 
6-methylamino-2-methyl-2-heptene, this compound produced a distinctly lesser 
degree of cardiac depression when given in large or repeated doses. Similar 
relations of cardiac depression for these three amines were demonstrated in the 
isolated rabbit heart, although the distinctions were not so pronounced. 
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FURTHER PHARMACOLOGIC CHARACTERIZATION OF THE 
SYMPATHOMIMETIC, ALIPHATIC AMINE 2 METHYLAMINO- 
6-HYDROXY-6-METHYL HEPTANE^’ = 

ROBERT P. WALTON and MORRIS BELKIN’ 

Department of Pharmacolotjy, Medical College of South Carolina, Charleston, S. C. 

Received for publication February 25, 1949 

There have been a number of recent reports making reference to the general 
status of the pharmacology of aliphatic amines ( 1 - 8 ) and aralkyl amines ( 9 ). 
One of these, 2 methylamino-G-hydroxy- 6 -methyl heptane (EA-83) (Aranthol), 
has been particularly described with respect to its cardio-vascular action ( 10 ). 
The present studj”- was carried out as an extension of the pharmacologic char- 
acterization of this particular amine. 

Experimental. The drug was used in the form of its hydrochloride or mucate salts, 
both of which arc readily soluble in water. Unless otherwise indicated, doses reported here 
refer to those of the hydrochloride salt. All doses are expressed in terms of mgm./kgm. 
bodj' weight. In the case of table 1, doses are expressed on the basis of the free base, 
which represents SI per cent of the hydrochloride salt and 60 per cent of the mucate salt. 

Results. Acute Toxicity. Determinations of acute toxicitj’’ are given in 
table 1. Estimated figures for LD 50 and the corresponding upper and lower 
limits of error were calculated according to the procedure described by DeBeer 
( 11 ). These computations were made by Mr. M. U. Dantzler. 

In dogs receiving the smallest doses (50, 70 mgm./kgm. intravenously) there 
was some limited development of manifestations which resembled those of Octin 
previouslj’^ described ( 6 ) (wagging tail, licking lips, shaking head). These 
latter effects were not noted in the dogs receiving the larger doses which char- 
acteristically produced prompt development of hyperpnea, pilomotor reac- 
tions (raising of hair over the back of the neck), emesis, defecation, micturition 
and occasional salivation. With doses of 200 to 280 mgm./kgm. the effects 
were more extreme in character and involved marked tremors, tonic seizures, 
arching of the neck, and marked hyperpnea. In this and the higher dosage range, 
death was characterized by respiratoiy arrest with later cessation of the heart 
beat. Artificial I'espiration would maintain the heart beat. On post-mortem 
examination the lungs and liver were markedR congested. E.xamination of those 
dogs dying one or more days after the injection consistentlj’^ showed pneumonic 
consolidation. 

It was concluded from these observations with dogs that the immediate deaths 
were due to excessive central nervous system stimulation followed by depression. 

1 Reported in abstract in Fed. Proc., 6: 3S0, 1947. 

’ This work was supported in part by funds from the Bilhubcr-Knoll Corpora- 
tion, Orange, N. J. 

3 Now at the National Cancer Institute, Bethesda, Maryland. 
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TABLE 1 
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tUSVlVAL 

LP» 

or KBBOK 



Intravenous injection of the inucato in Swiss mice (temp. 30-32'’C.) 


fujm /kpn 





120 

0 

100 



ISO 

11 

82 



195 

17 

•11 



210 

4 

0 



210 

5 

0 

192 

185-lDO 


Intravenous injection of tho mucatc in rabbits (temp. 2&-30®C.) 


120 

4 

100 




ISO 

8 

87 




210 

8 

50 




210 

12 

0 

210 

191-231 


Intravenous injection of mucato and hydrochlorido in dogs 

50.70,150,180.190 ' 

S 

100 




200 

G 

CO 



12 hrs.; 48 hrs. 

215 

1 

0 



CO hrs. 

250 

2 

0 



3 hrs.; 24 hrs. 

2S0 

1 

0 



Jhr. 

3S0 

2 

0 



3 min.; 2 hrs. 

400 

2 

0 



4 min.; 4 min. 

500 

2 

0 

210 

_ 

3 min.; 4 min. 

Subcutaneous injection of tho mucatc in Swiss mice (temp. 25-20*0.) 

510 

0 

83 




900 

12 

76 




1200 ! 

IG 

70 




1500 

IG 

50 




1950 

10 ! 

19 

1320 

105I-1G53 



Oral administration of the mucato to Swiss mice (temp. 2G-2S^C.) 


900 

C 

100 



2100 

14 

03 



3000 

14 

04 



3600 

G 1 

JC 

3091 1 

2844-3357 


The late deaths were evidently due to pneumonia, probably os a sequel to lung 
edema. 

Effects on central nervous system in loiver doses. In a series of seven dogs, 
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anesthesia approximately at the level of Stage III, Plane i (Guedel) was pro- 
duced by intravenous administration of sodium pentobarbital in doses of 25 
msm./kgm. After periods of 40 to 80 minutes, the condition of the dogs was 
noted with regard to activity of comeal reflexes, tendon reflexes, and respiratory 
rate. The drug was then injected intravenously in doses of either 10 mgm./lcgm. 
or 20 mgm./kgm. of the hydrochloride. The typical response was a slight de- 
pression of reflexes lasting for 30 to 60 minutes, some slight increase in respir- 
atory rate and an approximately normal recovery time; commonly, the heart 
appeared to be beating more forcefully as judged by the apex thrust and rhythmic 
vibration of the head and limbs. In concluding that the drug in this dose had 
no recognizable analeptic effect, it may be pointed out that ephedrine under 
the conditions just described, exhibits a fairly consistent and marked analeptic 
effect. 

Mydriasis by local application. Experiments in six rabbits demonstrated 
that 10 per cent and 20 per cent solutions of the mucate produced a limited 
degree of mydriasis. In all cases, the changes in pupillary size were less than 
those produced by solutions of ephedrine hydrochloride of either 2 per cent or 
10 per cent concentration applied at the same time in the contralateral eye. 
Both 10 per cent and 20 per cent concentrations of the mucate produced recog- 
nizable local irritation. 

Effects on (he gut. No significant influence was observed on the tracing pat- 
terns obtained by the use of balloons arranged to record changes of intra-luminal 
pressure in gut fistulae segments. In each of six dogs prepared with such 
Thierry- Vella fistulae, no significant effects were observed following the intra- 
venous injections of doses of the hydrochloride ranging from 1 to 10 mgm./kgm. 
In this respect, the effects of Aranthol resemble those of ephedrine. 

Local effects at site of injection. Following subcutaneous injections, no local 
effects were noted ■with concentrations up to 5 per cent. With solutions of 10 
per cent to 20 per cent of the mucate, occasionally there was skin induration, 
which in turn, would, in some cases, proceed to ulceration. This occurred in 
the mice which received relatively large volumes by the subcutaneous route. 
A few experiments in rabbits indicated that the same type of effects could be 
obtained on occasion with concentrations of 10 per cent or greater if the doses 
were greater than 25 mgm./kgm. of either the hydrochloride or mucate. At 
the same time, there might also be complete absence of such effects with doses 
of 100 mgm./kgm. 

Chronic toxicity. IVo groups of S\viss mice, one made up of eighteen mice 
and the other of twelve mice, were maintained for 90 days. The drinking water 
of the first group contained 0.5 per cent of the mucate while the second group 
did not receive any of the drug. In the case of the first group, the average 
calculated daily intake was 800 mgm./kgm. of the free base. No significant 
differences were noted in the two groups on the basis of weight curves, repro- 
ductivity, or gross and microscopic autopsy. About one-hundred representative 
tissue sections were examined. 

Six puppies (weight 2.3 to 3.8 kgm.) were given 120 mgm./kgm. daily of the 
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free base (ns the mucale, in two divided daily doses, orally in capsules). One 
died in two weeks and two in four weeks, with distinct pneumonic consolidation 
in each case. The other three were maintained on this dose for 90 days, when 
they were sacrificed. They gained weight satisfactorily and appeared to be 
in good condition at the end of the period, except for a limited degree of patchy 
pneumonic consolidation in one case. Tissue sections in all dogs showed nothing 
significant beyond the pneumonic processes mentioned. It is problematic 
whether or not the drug influenced the incidence of pneumonia in these cases, 
since puppies commonly have a high incidence of such infections. 

SUMMAIiy 

2 Methylnmino-6-hydroxj'-C-methyI heptane was found to be of a low order 
of chronic toxicity and to be without important species dilTcrences noth regard 
to acute to.xicily. The LDw of intrax'cnously injected doses in mice, rabbits 
and dogs was approximately 350 limes greater than the dose which has been 
described as producing in dogs an approximately 30 per cent increase in con- 
tractile force of the heart (10). Acute toxicity appeared to bo based chiefly 
on central nervous system stimulation, although in animals surviving for some 
hours after largo intravenously administered doses, lung consolidation was 
commonly obsen’cd. The drug c.xhibilcd weak mydriotic action, relative 
absence of cffoct on gut movements recorded with intestinal fistula dogs and 
relative absence of effects on central nervous system when used in the loiver 
dose range. 
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DETERMINATION OF HOMOSULFANILAMIDE HYDROCHLORIDE 
(SULFAMYLON HYDROCHLORIDE) WITH OBSERVATIONS 
ON ITS ABSORPTION IN DOGS AND MAN» 

E. W. McCHESNBY, M. E. AUERBACH, J. P. McAULIFF, and H. W. ECKERT 
Sterling-Winthrop Research Institute, Rensselaer, N. Y. 

Received for publication April 30, 1949 

p-Aminometliylbenzenesulfonamide hydrochloride (also known as homosulf- 
anilamide hydrochloride, Sulfamylon® hydrochloride, Marfanil, Mesudin, amba- 
mide) was apparently first synthesized in Germany about ten years ago (1). It 
was also prepared in this country by Miller et al. (la), but since it was found not 
to be significantly active against streptococcal infections in mice, its potentialities 
were not investigated further bytthis group. Later its effectiveness against a 
variety of anaerobes, and some Gram-negative organisms which are otherwise 
sulfonamide-resistant, came to be recognized (2-5). It has been used chiefly for 
the treatment of infected wounds or, in general, those situations where local 
therapy is indicated (6-11). During the war the drug was used extensively by 
the Germans and when this fact became generally known (12), a new impetus 
to its study was supplied. It has, however, continued to be used chiefly for local 
application rather than for systemic therapy, probably because it undergoes 
rather rapid deamination in the animal body with consequent loss of activity 
(13-16). The fact that it is not antagonized by p-aminobenzoic acid is well known 
(17). Interest in the drug has been stimulated recently by the fact that it has 
given excellent results in the treatment of certain types of infections, particularly 
when used in conjunction with streptomycin (18), or with other sulfonamides 
(7, 19-25). The determination of Sulfamylon hydrochloride in biological ma- 
terials has always been a difficult problem because its amino group is aliphatic 
in character and the familiar Bratton-Marshall method (26) is not applicable. 
In 1945 Siebenmann and Plummer (27) proposed a method for determining the 
drug in biological fluids. This method was based on the ability of Sulfamylon 
hydrochloride to inhibit the growth of Clostridium hisiolyticum on blood agar 
plates. The limitations of this type of analysis are obvious but it did enable 
Siebenmann and Plummer to ascertain that: 1) the drug is absorbed rapidly when 
administered orally or intramuscularly, and 2) only a small portion of the dose 
so administered is excreted in the urine in an active form. 

More recently Heideman and Rutledge (28) have published a spectrophoto- 
metric method applicable to biological fluids, based on the absorption of Sulfa- 
mylon at 265 my. Percentage recoveries of the drug when added to various bio- 
logical materials were: spinal fluid, 81; ascitic fluid, 80; blood serum, 78; whole 

' Presented at the meeting of the American Society for Pharmacology and Experimental 
Therapeutics at Detroit, April 22, 1949. _ . 

* Registered trademark of Winthrop-Steams Inc., brand of p-aminometh 3 'lbenzenesu - 
fonamide. 
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blood, 61. This method is complicated by some technical difficulties, the principal 
one being that the two precipitating agents, ZnSOi and Ba(OH)i, must be per- 
fectly balanced if high results are to bo avoided. The large correction factor which 
must be applied to whole blood is clearly objectionable in principle. A more 
serious disadvantage is the fact that the deamination product, p-carbo.\ybenrene- 
sulfonamide, absorbs light in the same region of the spectrum, and absorbs more 
strongly than the parent drug, ns is shown in fig. 1. This means that a blood 
sample which contained, for example, 15 rogm. per cent each of Sulfamylon 



Fio. 1. Partial ultraviolet absorption spectra of Sulfamylon hydrochloride and its de* 
amination product, p-carboxybenzcoesulfonamide. Tho data were kindly supplied to us by 
Br. F. C. Nachod. The carboxy acid was isolated and crj'stallized from tho urine of dogs 
which had received large doses of Buifamylon hydrochloride orally. M. p.2S&-2SS®C. (corr.). 
In literature (16), 290'’C, 

hydrochloride and its metabolite would be found to contain about 50 mgm. per 
cent by tbe Hcideman-Rutledgo method. It seems likely that a large portion of 
wbat they were measuring, particularly in the latter stages of absorption, was 
actually the metabolite. Rutledge and Heideman (29) gave values for the blood 
levels of human subjects receiving dosages of 400-500 mgm./kgm. orally or 
subcutaneously. Peak values of 30-40 mgm. per cent were indicated. They con- 
cluded that comparatively high dosage at rather frequent intervals is needed 
to maintain blood levels at or above 10 mgm. per cent. There were many un- 
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pleasant side reactions following oral administration of the drug, but there was 
no evidence of damage to the kidneys or other organs. 

Since the amino group of Sulfamylon hydrochloride is aliphatic and primary, 
it gives the Bhrlich-Herter reaction (30), which is the basis for the Folin color- 
imetric method for amino acids (31). It was observed by one of us (M.E.A.) 
that it is possible to differentiate Sulfamylon hydrochloride from amino acids, 
however, on the basis of the following property: if instead of acidifjdng after 
the completion of the condensation reaction (as is done in the Folin method or 
its more recent modifications) (32, 33) the reaction is kept definitely alkaline 
(pH 9-10), the colored compound produced by the interaction of Sulfamylon 
hydrochloride and /S-naphthoquinone sulfonate may be extracted rather specif- 
ically by certain organic solvents. Of some 30 different solvents tested, methyl 
n-amyl ketone (Eastman Kodak Co. No. 2185) proved to be the most specific. 
Under the stated conditions alanine, for example, gives no extractable color 
whatsoever, and blood filtrates have only a rather small blank value. Thus 
far no attempt has been made to apply the method to such materials as spinal or 
ascitic fluid. It has not been successful when applied to urine since the blank 
value is entirely too high to be satisfactory®. Details of the procedure for whole 
blood follow: 

1. To 25 CO. water add 3 oo. blood, allow time for laking of the red cells, then add 2 co. of 
25 per cent metaphosphorio acid (Merck or Mallinokrodt, analytical reagent grade. This 
reagent should be prepared daily, or weekly if kept in the refrigerator). Shake well, and let 
stand for about 30 min. 

2. Centrifugate, then filter through Whatman No. 1 filter paper. 

3. To 20 co. of filtrate in a 60 cc. g.s. graduated cylinder add enough approx. 10 per cent 
NaOH to neutralize to phenolphthalein. This quantity should be determined on a separate 
portion of the filtrate (for example, by titrating 2 cc. of the filtrate with a 1:10 dilution of 
the 10 per cent NaOH). It need be determined only once since it will applj' to all filtrates.' 
Add 2 cc. of an aqueous buffer solution (containing 4 per cent each of NaHCOj and Na-COi), 
followed by 1 cc. of freshly prepared aqueous 1 per cent sodium /3-naphthoquinone sulfonate. 
Stopper, mix, and let stand at room temperature for 30 min. 

4. Add 2 cc. of a 5 per cent solution of sodium ascorbate or isoascorbate. (This may be 
prepared by weighing out 1 gm. ascorbic acid and 500 mgm. NaHCOj and gradually adding 
water to make a volume of 20 cc. This solution is prepared shortly before use.) Mix and alloK 
to react about 2 min. 

5. Add exactly 10 cc. methyl n-amyl ketone. Shake mechanically for 5 minutes, then sepa- 
rate the organic layer; if an emulsion forms, break it by centrifugation. 

6. Dry the ketone extract over about 100 mgm. anhydrous NajSOi. Read the color in a 
photoelectric colorimeter using a 420 vati. filter. 

Calibration of colorimeter. Into a series of graduated cylinders measure various amounts 
of aqueous Sulfamylon hydrochloride solution to cover the range 0-1.25 mgm. in eight or 
ten equal steps. Add to each 1 cc. of 25 per cent HPOa, plus enough 10 per cent NaOH to 
neutralize this amount of HPOj (to phenolphthalein). Add water to the 20 cc. mark and 2 
cc. of the buffer solution. Now add 1 cc. of the napthoquinone sulfonate and proceed ac- 
cording to Steps 4-6 above. The colors are read as described, using fresh solvent for a blank 
setting. The relationship of optical density to concentration is in accordance with Beer s 
law. 

’ The blank may be decreased to the equivalent of about 5 mgm. per cent by aerating off 
the ammonia and adsorbing interfering substances on Decalso. However, it is dilficu t o 
standardize the conditions so that Sulfamylon hydrochloride is not also adsorbed. 
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A'ofcs on procedure. As described, the method is fidnptnble to tlio Evelyn colorimeter, 
using the large colorimeter tubes which require 0-10 cc. of solution. If a different type of 
instrument is nvailablc, in which 5 cc. of solution or less can be read, the amount of blood 
filtrate may bo reduced from 20 cc. to 10 cc., nnd all of tho subsequently prescribed quanti- 
ties arc cut in half. 

If the amount of Sulfamylon hydrochloride in the sample is expected to bo verj’ large, it 
is better to use only half (or even one-fourth) of the amount of filtrate directed, and tho 
corresponding amount of 10 per cent XaOH. Water is then added to the 20 cc. mark, nnd all 
other quantities of reagents aro kept the same. This must be borno in mind in making tho 
calculations: from each observed optical density is subtracted the entire reagent blank, 
but only one-half (or one-fourth) of the difference between the reagent blank nnd a blank, 
or control determination, on the blood of the animal. Usually the optical density of the 



Fig. 2. Rccoverj' of Sulfamylon hydrochloride added to whole blood in a number of 
different concentrations. Tlie plotted points represent the observed optical densities for 
the individual samples, and tho cun'c represents the position calculated for 100 per cent 
recovery. 

reagent blank is 0.03-0.04, and that of a blood blank is O.OS-0.11. It is appropriate to mention 
at this point that the purpose of adding sodium ascorbate is to eliminate a large reagent 
blank which would othemdse be obtained as a result of a reaction between mctaphosphoric 
acid and naphthoquinone sulfonate (34). Probably other reducing agents would servo the 
purpose, but no others n ero tried after this one was found to be successful. 

Recoveries of Sulfamylon hydrochloride added to blood ore excellent by this procedure. 
Over the range 0-30 mgm. per cent the recoveries average 99 =fc6 per cent. (As pointed out 
above, the blank value of dog or beef blood is quite consistent; it corresponds to 2-3 mgm. 
per cent Sulfamylon hydrochloride of which 3(M0 per cent is due to the reagents.) If the 
concentration is higher the recoveries begin to fall off, but if smaller amounts of the blood 
filtrate are used, the results are just as satisfactory’. Typical recoveries from blood are 
plotted against the theoretical curve in fig. 2. 

Studies on Absorption. Studies of the blood levels of Sulfamylon hydro- 
chloride, following oral or parenteral administration to dogs, were now made. As 
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far as possible, the same dogs were used throughout in order that comparisons 
could be made for at least two different routes of administration on the same 
anim al. We wished first of ail to see how high the blood levels would be following 
a rapid intravenous infusion, and how long the drug would be retained. The solu- 
tion used for the infusion contained 10.0 gm. Sulfamylon hydrochloride and 0.35 
gm. Sulfamylon in water to make 275 cc. of solution. Such a solution has a pH 
of 7.35 and is almost exactly isotonic with blood. This solution was given in the 
amount of 15.8 cc./kgm., and is the equivalent of 600 mgm./kgm. of Sulfamylon 
hydrochloride. The do^ used were under pentobarbital anesthesia of sufficient 
depth to keep them quiet imtil the infusion was completed.^ The results are 
presented graphically in fig. 3. 

When the infusions were completed in 30 minutes they resulted in blood levels 
of 80-100 mgm. per cent Sulfamylon hydrochloride at the end of the infusion. 
From four to six hours were required to remove the drug completely from the 
blood. An infusion which covered a period of four hours gave a much lower peak 
level, and clearance was complete in about 90 min. The rate of clearance in all 
these cases seems very rapid when compared to that obser\'ed following the 
oral administration of sulfanilamide (35, 36) or following the intravenous ad- 
ministration of sulfanilamide or sodium sxilfapyridine (37). The same graph in- 
cludes the results of one subcutaneous infusion. The infusion was completed in 
90 min., and a peak blood level of 9 mgm. per cent resulted, but there was only 
a slight decrease in concentration up to five hours later. This dog was under both 
pentobarbital and barbital anesthesia, as was the animal which received the four- 
hour intravenous infusion. 

Equivalent oral dosages were given to some of the same animals (b}* stomach 
tube, in milk ), with the results shown in fig. 4. Peak blood levels (9-10 mgm. 
per cent) were attained in about two to three hours after medication, and the 
absorption appeared to be quite rapid. 

The effect of repeated oral doses was also studied, with the results shown in fig. 
5. The dogs received doses of 150 mgm./kgm. everj' four hours until twelve doses 
had been given. These medications were given as crj-stals in gelatin capsules. 
The blood levels fluctuated, but were usually of the order of 4-5 mgm. per cent. 
Clearance of the blood after the last dose was rapid. 

* The phannacodynamic effects of intravenoxis infusions have been studied in our labora- 
tory by Dr. F. P. Luduena and Miss E. Ananenko and have been described as follows : 

The intravenous infusion of a total dose of 600 mgm./kgm. of Sulfamylon hydrochloride 
(3F per cent sol.) in two barbitalized dogs (within 22-25 minutes) produced a rapid fall in 
blood pressure of 60-90 miaEig within the first two to five minutes of infusion. From this 
low level the pressure started rising although the drug infusion continued. _ _ 

This hypotensive effect of Sulfamylon hydrochloride was apparently of vascular ongrn 
as the heart rate was only slightly decreased during the drug adiidnistration. An increase in 
respiratory rate was observed, probably due to the fall of pressure. There was also a decrease 
of the tonus of the small intestine. _ j • • f ^ 

In another anesthetized dog the same dose of Sulfamylon hydrochloride was adnunistere 
intravenously at a much slower rate (total dose administered in about four hours), .-igam e 
blood pressure fell, starting 30 minutes after the beginning of the infusion, but t e ma-vi- 
mum fall was only 3^ mm. Hg. 
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Other experiments, in which dogs received intravenous or single oral doses of 
COO mgm./kgm. of Sulfamylon hydrochloride, were conducted before the blood 
method had been entirely perfected. They gave substantially the same results 



TIME IN HRS. 

Fia. 3. Whole blood conccntrationa of Sulfamylon hydrochloride resulting from the in- 
fusion of an isotonic solution (3.S per ccnt)« pll 7.4. Total dose was COO mgm./kgm. of the 
drug. The dotted line represents obser^mitons made during the infusion; the solid line repre- 
sents observations made after the completion of the Infusion. The dot-dash line shows blood 
concentrations in a dog which received the same medication by subcutaneous infusion start- 
ing at 0, The total time required for the infusion T^as 90 minutes. 

as those which are reported in this paper, but the data are not included because 
they are not as accurate. 

Several human subjects were given oral doses of about 110 mgm./kgm. 
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Sulfamylon hydrochloride orally in milk: the distastefulness of the product and 
its side reactions mitigated against the use of any higher dose level although 



Fig. 4. Whole blood concentrations of Sulfamylon hydrochloride following single oral 
doses of 600 mgm./kgm. 



TIME IN HRS. 

Fig. 5. Whole blood concentrations of Sulfamylon hydrochloride resulting from the ad- 
ministration of twelve oral doses of 160 mgm./kgm., given at intervals of four hours. 

as much as five to si.x times this amount has been given (28). Blood concentra- 
tions were determined in these subjects over a period of four hours after medica- 
tion; the highest level achieved was only 2-4 mgm. per cent. 
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Disonssiox. It is evidently difficult to achieve liigli blood levels of Sulfamyloii 
liydrochlorido by any route other than the intravenous. Bj' single oral doses of 
COO mgm./kgm. the highest levels observed were only 10-12 mgm. per cent, and 
it would appear that it would require at least 300 mgm./kgm. (if not more) every 
four hours to maintain such a level. Although only one subcutaneous infasion was 
carried out, it does not appear to offer the possibility of achieving any higher 
blood level than 10-12 mgm. per cent. These rcsidts are in marked contrast 
with those of Marshall, Emerson and Cutting (35) who obtained blood levels 
of 10-12 mgm. per cent sulfanilamide by the oral administration of 
100 mgm./kgm. to dogs. Since only small amounts of Sulfam 3 -lon hj’drochloride 
are found in the urine following oral administration (27) it seems likeij'that rapid 
deamination of the drug accounts for the fact that it shows a lessor tendenci' to 
accumulate in the blood. Even making allowance for the fact thatHcidcman and 
Rutledge were working with human subjects rather than dogs, it seems strongl}- 
indicated that the high blood levels the}' obsciwed were due in large part to the 
presence of p^iarboxy-bcnzcnesulfonamide. 

sommahv 

A colorimetric method for the determination of homosulfanilamide hydro- 
chloride (Sulfamylon hydrochloride) in blood is presented. The compound is 
allowed to react with sodium /3-nnphthoquinone sulfonate in alkaline solution, 
and the yellow condensation product is c.\-tracted by means of methyl n-nmyl 
ketone. The optical density of the axtracts, measured at ■120 mg, is proportional 
to the amount of Sulfamylon hydrochloride present. The method has been applied 
to the study of blood levels iu dogs and men following oral or parenteral ad- 
ministration. Oral doscsof GOO mgm./kgm. todogsgive peak blood levelsof about 
10 mgm. per cent at from two to three hours after administration. Absorption 
and c.\cretion and/or metabolism are rapid, and it would be necessary to give 
doses about every four or five hours in order to maintain this level. 

Doses of 150 mgm./kgm. given every four hours setwo to hold the blood level 
at about 4 mgm. per cent with occasional values ns high as 0 mgm. per cent 
By intravenous infusion of COO mgm./kgm. in an isotonic solution (3.8 per cent, 
pH 7.4), within 30 minutes, blood levels as high as 100 mgm. per cent may be 
achieved without causing death although there is a marked fall in blood pressure; 
it requires five to si.\' hours to reduce the concentration again to 0-3 mgm. per 
cent. Subcutaneous infusion of GOO mgm./kgm. in a solution of the same compo- 
sition gives a peak blood level about the same ns following an equal oral dose, but 
the return to zero concentration is much less rapid. 
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The frog’s heart isolated acconling to the technique of Straub appears to be a 
satisfactory* tissue for studj’ing the relationship of structure of ‘sympathomimetic’ 
agents to their action on a functioning muscular tissue essentially’ free of active 
adrenergic iicn*e fibers. This preparation responds regularly’ by* inotropic changes, 
whereas chronotropic actions are less constant, due to the absence of or poor 
perfusion of the pace-maker tissues. Hoffman et al. (1) ha\'C sho^m that the iso- 
lated frog’s heart is free of active chromaffin tissue. They found that the atro- 
pinizod frog’s heart docs not respond to acetylcholine. The isolated atropinized 
hearts of mammals, however, are stimulated by acetylcholine and this stimula- 
tion is due to the release by* acetylcholine of a ^Tnpathin-like substance. 

This survey was undertaken in order to learn tho requirements of the ‘receptor 
substance* in terms of the chemical structures possessing sympathomimetic ac- 
tion on tho heart. A fairly representative group of arydalkylamincs and aliphatic 
amines has been tested. 

Substances reputed to bo adrenolytic agents have been examined for this ac- 
tivity* on the isolated frog’s heart. A satisfactory ndrenoly’tic compound would 
allow tho differentiation of drugs showing positive inotropic action into a group 
presumably* acting on the same 'receptor^ as epinephrine and another group with 
a more poorly* defined action. However, in agreement with the presently ac- 
cepted conclusion that the heart is resistant to adrenoly'tic action, none of the 
adrenolytic agents which were tested antagonized the action of epinephrine on 
this preparation. 

Methods. Frogs of the species Pana pipiens were used. Most of the experiments were 
performed between January and April. Hearts were prepared according to the technique 
of Straub, Using the straight cannula of tho type recommended by Fiihnor. Tho perfusion 
pressure was maintained at 6 cm. The modification of Ringer's solution employed by Kray'er 
el al. (2) was used for fho perfusion fluid and the dilution of drugs. Air was passed through 
the perfusion fluid. Room tcmpornturcs were between 21 and 2C®C. In order to produce a 
slightly hy’podymamic state, hearts were washed repeatedly for a minimum of two hours 
before the first tests were made. 

In most cases dilutions of 1 X 10~*, 1 X 10”‘, and 1 X lO** have been tested. In some 
instances this range has been extended to 1 X 10'* and 1 X 10'*. Each substance has been 
tested on from one to three hearts. In all but a few cases each compound has been tested 
on a separate heart. The order of testing the varioxis dilutions was in the direction of in- 
creasing concentration. When there was no immediate response, contact was allowed for 
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five minutes. Between tests the perfusion fluid was exchanged for fresh solution at least 
three times and a minimum of five minutes was allowed for recovery of the tissue. 

In the course of this study the inotropic action of the following compounds has been 
tested (the numerical designations correspond to the compound numbers employed in the 
tables and body of the paper) : 

1. 2-phenylethylamine sulfate; 2. f-amphetamine sulfate; 3. desoxyephedrine hydro- 
chloride; 4. di-phenylalanine (neutralized with NaHCOj); 5. l-(p-tolyl)-2-amino-propane 
sulfate; 6. tyramine hydrochloride; 7. hordenine sulfate; 8. i-l-(4-hydroxyphenyl)-2- 
isopropylamino-ethanol tartrate; 9. paredrine hydrobromide; 10. l-(4-hydroxyphenyI)-2- 
dimethylamino-propane hydrobromide; 11. l-(4-hydroxyphenyl)-2-amino-propanol-l hy- 
drochloride; 12. i-tyrosine (neutralized with NaHCOi); 13. Z-phenylephrine hydrochloride; 

14. i-l-(3-hydroxyphenyl)-2-methylamino-ethylamine hydrochloride; 15. epinephrine hy- 
drochloride; 16. isopropyl norepinephrine (Isuprel); 17. kephrine hydrochloride; 

15. i-l-(3,4-dihydroxyphenyl)-2-methylamino-etbylamine hydrochloride; 19. l-(3,4-dihy- 
droxyphenyl) -2-amino-propane hydrobromide; 20. l-(3,4-dihydroxyphenyl)-2-methyl- 
amino-propane hydrobromide; 21. i-(3,4-dihydroxyphenyl)-alanine (neutralized with 
NaHCOa); 22. l-(3,4-dimethoxyphenyl)-2-amino-propane hydrochloride; 23. l-(3,4-meth- 
ylenedioxyphenyl)-2-amino-propane hydrochloride; 24. l-(p-anisyl)-2-amino-propane 
hydrochloride; 25. l-cyclohexyl-2-amino-propane hydrochloride; 26. l-cyclohexyl-2-methyl- 
amino-propane hydrochloride; 27. benzylamine hydrochloride; 28. 3-phenyl-propylamine-l 
sulfate; 29. 4-phenyl-2 -amino-butane sulfate; 30. 5-phenyl-2-amino-pentane sulfate; 31. 
6-phenyl-2-amino-hexane hydrochloride; 32. 2-amino-ethanol (neutralized with hydro- 
chloric acid); 33. isoamylamine hydrochloride; 34. 2-amino-4-methyl-hexane sulfate; 35. 
2-amino-heptane sulfate (Tuamine); 36. 2-methylamino-heptane hydrochloride 
(Oenetbyl); 37. 2-methylamino-6-methyl-heptene-2 hydrochloride (Ootin). 

Results. A large range of concentrations has been tested for each compound. 
This has been done in order that activity of a particular compound demonstrable 
only at either high or low concentration would not be overlooked. Since each 
compound has been subjected to a relatively small number of tests, the data 
indicate only the qualitative response in particular concentration ranges. 

In table 1 are listed the responses of the isolated frog’s heart to compounds 
which may be considered as modifications of the basic structure, 2-phenylethyl- 
amine. On the basis of this series of amines containing cyclic substituents 
separated from the amino group by two carbon atoms, certain generalizations 
concerning the structural requisites for producing the positive inotropic action 
may be made. All compounds containing the 3,4-dihydroxj’'phenyl group produce 
this action on the frog’s heart (compounds No. 15-21). Norepinephrine, or 
arterenol, may be added to these dihydro.xjqihenyl compounds which stimulate 
the heart. West (28) reported that di-norepinephrine is eight times as potent as 
i-epinephrine on the isolated frog s heart. The other substances w'hioh elicited 
this response had one hydroxyl group on the benzene ring in either the 3- or the 
4- position and a side chain of only two carbon atoms (compounds No. 6-8, 13 
and 14). When the amino group is converted to a methylamino, isopropylamino, 
or even a dimethylamino group, the positive inotropic action remains. However, 
substances with one hydroxyl ring substituent are inactive if the side chain is 
lengthened as in the beta-phenylisopropylamine derivatives (compounds No. 
9-12). Those compounds with unsubstituted phenyl groups possessed no positive 
inotropic activity (compounds No. 1-4). Thus, tyramine may be considered the 
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five minutes. Between tests the perfusion fluid was exchanged for fresh solution at least 
three times and a minimum of five minutes was allowed for recovery of the tissue. 

In the course of this study the inotropic action of the following compounds has been 
tested (the numerical designations correspond to the compound numbers employed in the 
tables and body of the paper) : 

1. 2-phenylethylamine sulfate; 2. f-amphetamine sulfate; 3. desoxyephedrine hydro- 
chloride; 4. df-phenylalanine (neutralized with NaHCOj); 5. l-(p-tolyl)-2-amino-propane 
sulfate; 6. tyramine hydrochloride; 7. hordenine sulfate; 8. i-l-(4-hydroxyphenyl)-2- 
isopropylamino-ethanol tartrate; 9. paredrine hydrobromide; 10. l-(4-hydroxyphenyl)-2- 
dimethylamino-propane hydrobromide; 11. l-(4-hydroxyphenyl)-2-amino-propanol-l hy- 
drochloride; 12. (-tyrosine (neutralized with NaHCOj): 13. (-phenylephrine hydrochloride; 
14. (-l-(3-hydroxyphenyl)-2-methylamino-ethylamine hydrochloride; 15. epinephrine hy- 
drochloride; 16. isopropyl norepinephrine (Isuprel); 17. kephrine hydrochloride; 
18. (-l-(3,4-dihydroxyphenyl)-2-methylamino-ethylamine hydrochloride; 19. l-(3,4-dihy- 
droxyphenyl)-2-amino-propane hydrobromide; 20. l-(3,4-dihydroxyphenyl)-2-methyl- 
amino-propane hydrobromide; 21. (-(3,4-dihydroxyphenyl)-alanine (neutralized with 
NaHCOj); 22. l-(3,4-dimethoxyphenyl)-2-amino-propane hydrochloride; 23. l-(3,4-meth- 
ylenedioxyphenyl)-2-amino-propane hydrochloride; 24. l-(p-anisyl)-2-amino-propane 
hydrochloride; 25. l-cyclohexyl-2-amino-propane hydrochloride; 26. l-cyclohexyl-2-methyl- 
amino-propane hydrochloride; 27. benzylamine hydrochloride; 28. 3-phenyl-propylamine-l 
sulfate; 29. 4-phenyl-2-aminQ-butane sulfate; 30. 5-phenyl-2-amino-pentane sulfate; 31. 
6-phenyl -2-amino-hexane hydrochloride; 32. 2-amino-ethanol (neutralized with hydro- 
chloric acid); 33. isoamylamine hydrochloride; 34. 2-amino-4-methyl-hexane sulfate; 35. 
2-amino-heptane sulfate (Tuamine); 36. 2-methylamino-heptane hydrochloride 
(Oenethyl); 37. 2-methylamino-6-methyl-heptene-2 hydrochloride (Octin). 

Results. A large range of concentrations has been tested for each compound. 
This has been done in order that activity of a particular compound demonstrable 
only at either high or low concentration would not be overlooked. Since each 
compound has been subjected to a relatively small number of tests, the data 
indicate only the qualitative response in particular concentration ranges. 

In table 1 are listed the responses of the isolated frog's heart to compounds 
which may be considered as modifications of the basic structure, 2-phenylethyI- 
amine. On the basis of this series of amines containing cyclic substituents 
separated from the amino group by two carbon atoms, certain generalizations 
concerning the structural requisites for producing the positive inotropic action 
may be made. All compounds containing the 3 ,4-dihydroxyphenyl group produce 
this action on the frog’s heart (compounds No. 15-21). Norepinephrine, or 
arterenol, may be added to these dihydroxyphenyl compounds which stimulate 
the heart. West (28) reported that d(-norepinephrine is eight times as potent as 
l-epineplirine on the isolated frog's heart. The other substances which elicited 
this response had one hydroxyl group on the benzene ring in either the 3- or the 
4- position and a side chain of only two carbon atoms (compoimds No. 6-8, 13 
and 14). When the amino group is converted to a methylamino, isopropylamino, 
or even a dimethylamino group, the positive inotropic action remains. However, 
substances wfith one hydroxyl ring substituent are inactive if the side chain is 
lengthened as in the beta-phenylisopropylamine derivatives (compounds No. 
9-12). Those compounds with unsubstituted phenjd groups possessed no positive 
inotropic activity (compounds No. 1-4). Thus, tyramine may be considered the 
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positive inotropic activity, this plmnnaeologic response is not solely dependent 
on the amino group in the molecule. It thus appears that aliphatic amines may 
exert their positive inotropic action by a mechanism different from that by which 
epinephrine stimulates the heart, 

A real difference in the action of aliphatic amines and cpinephrino was seen 
in experiments in which hearts were cither severely hj-podynamic or had ceased 
beating after being perfused for 24 hours. At this time, 2-methylnminoheptane 
('Ocnethyl') produced no stimulation, but epinephrine stimulated the hearts 
quite markedly. A similar obsen'ation was made bj- Jackson (9) who found that 
a related aliphatic amino has a potent action on a beating heart, but that this 
substance, unlike epinephrine, docs not start a heart wluch has ceased to beat. 
On the other hand, both of the drugs are able to overcome the hypodjTiamio 
condition produced b3’ either pentobarbital or a solution containing one-half the 
usual concentration of calcium. Another interesting Ij'po of axperimeut illus- 
trates the difference in mode of action of the aliphatic amine and epinephrine. 
When a heart is depressed to the point of nearly complete ventricular standstill 
bj' 1 X 10^ 2-methyIaminoheptane, cpinephrino produces rapid recoverj' of the 
heart to a normal beat. 

Negative Ixotropic ErrEcrs. This action is quite marked in phenylcthj’l- 
araine derivatives with either no ring substituent or with p-hj'dro.xj- groups, 
diethyl or ether groups on the ring appear to increase the depressant properties. 
Compounds with m-hydroxj- or dihydroxy substituents display no depressant 
action at the highest concentration tested. Since phenylalanine and tjTosino did 
not depress the heart, the carboxyl group appears less detrimental to the heart 
than a metlij-l group in the 6,amo position in the molecule. 

The cj'clohaxylalkj’lamines and phenj-Ialkylamines possess only negative ino- 
tropic activit}', and some of them in rather low concentrations. 

Adrenoeytic Agents and the Frog’s Hesrt. Since the structures of tlio ac- 
tive aliph.atic amines differ so widelj' from the required structuro for the aromatic 
compounds with positive inotropic activit}-, an attempt was made to separate 
the two t}-pe3 of activity. The ‘adrenolytic’ activities of the ergot alkaloids do 
not extend to their action on the heart. Tests of ergotamino, ergotoxine, and 
dihydroergotaminc confirmed the fact tliat these substances do not block the 
action of epinephrine on the heart. The report of Schnetz and Fluch (G) on the 
inability of Priscol to block the action of cpinephrino on the frog heart was also 
confirmed. Priscol depressed the heart at concentrations above 1 X 10~*. Wlien 
complete standstill was produced by 1:10,000 Priscol, epinephrine started the 
heart and caused a prolonged stimulation. On the mammalian heart, tlie action 
of epinephrine is not blocked by dibenamine (7). After contact for a half-hour, 
with concentrations of dibenamine as higli as 1 : 100,000, the response of the frog’s 
heart to epinephrine is not markedly diminished. Another compound, 2-(piperi- 
dinomethyl)-6-methoxy tetralone hydrochloride, which Eandall (8) has found to 
be adrenolytic, is unable to block the action of epinephrine on the frog’s heart. 

Discussion. The earlier studies of the action of amines on the frog’s heart 
have been reviewed by Trendolenbcrg (10). Nakamura (11) using the Straub 
preparation observed positive inotropic notion in response to adrenalone 
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o-dihydrox 5 T)henyl compounds with 3'carbon side chains. Other reports have ap- 
peared on the sjunpathomimetie properties of Z-dihydroxyphenylalanine (DOPA). 
After an intravenous administration into the cat, Holtz and Credner (3) ob- 
ser\-ed a pressor effect. Page and Eeed (4) noted the pressor activity of DOPA 
in the rat. The compound causes gtycogenolysis in the perfused toad liver 
(Horimi, 5). 

In table 2 are listed other amines which were studied. Compounds mtb a 
cyclohexane ring (compounds No. 25 and 26) or an -unsubstituted phenyl ring 
(compounds No. 27-31) were inactive. There was no positive inotropic activity 

TABLE 2 


The aclion of cyclohexyl- and phcnyl-alkylamines and aliphatic amines on the isolated 

frog’s heart 


COiTP. 

OIEMICAL STiCCTtniE 

DIttmON 


Ring j 

j Side Cbam 

IQQ 

BE 




Hi Hi 


■ 




25 


CH,CH{NH,)CH, 

■ 

0 

■ 


26 


CHiCH(NHCH,)CH, 


0 

0 

— 


Hi Hi 


1 




27 


CHiNHi 


0 

0 


28 

^ 



0 

0 

— 

29 


CH;CH:CH(NHi)CH, 

0 

0 

B 


30 


CHiCHiCHiCHOSTHilCH, 


0 


- 

31 

1 

CHiCHiCHiCHiCHtNHilCH, 

0 

0 

H 

— 

32 

HOCHiCHjXHj 


0 

0 

1 0* 

33 

CH,CH(CH,)CH.CH;KH3 


+ 

+ 


34 

1 CH,CHiCH(CH,)CH:CH(NHi)CH, 


+ 

+ 

- 

35 

CH,(CHj)4CH(NH5)CH, 

+ 

-b 

— 

— 

36 

CH,(CH!),CH(NHCH,)CH, 

+ 

+ 

+t 

— 

37 

(CH,)3C=CH (CHj)3CH(NHCH,)CH, 

+ 

+ 

+t 



* Similar action at 1 X 10“*. 
t Irregularities. 


observed for any of the phenylalkjdamines with the amino group separated by 
one, or more than two, carbon atoms from the benzene nucleus. 

In contradistinction to the above series of amines possessing cyclic groups, 
the alkjdamines (compounds No. 33-37) which were tested were quite potent 
in producing sustained positive inotropic activity. Only ethanolamine (com- 
pound No. 32) proved to be inactive. The active aliphatic amines were rather 
difficult to wash out of the heart. This property' of the aliphatic amines produces 
a tj^je of tachy^phylaxis. The group listed in table 2 includes compounds with 
the amino group at positions 1- or 2- in the carbon chain, primary and secondary 
amines, and straight and branched chain compounds. 

The onlj' structural resemblance between these active aliphatic compounds and 
the active epinephrine-like compounds of table 1 resides in the amino ^oup. 
Since the c 3 'clohe.xyI- and phenyl-alkylamines listed in table 2 are lacking m 
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positive inotropic activit 3 ', this pharmacologio response is not solely dependent 
on the amino group in the moleeulc. It thus appears that aliphatic amines may 
exert their positive inotropic action bj- a mechanism different from that by which 
epinephrine stimulates the heart. 

A real difference in the action of aliphatic amines and epinephrine was seen 
in experiments in which hearts were cither severelj' hj-podjmamic or had ceased 
beating .after being perfused for 24 hours. At this time, 2-mcth3'laminoheptane 
(‘Oenethj-l’) produced no stimulation, but epinephrine stimulated the hearts 
quite markedi}’. .4. similar obsciration was made bj- Jackson (9) who found that 
a related aliphatic amino has a potent action on a beating heart, but that this 
substance, imliko epinephrine, does not start a heart which has ceased to beat. 
On the other hand, both of tlie drugs arc .able to overcome the hj-podjuamic 
condition produced bj' either pentobarbital or a solution containing one-half the 
usual concentration of calcium. Another interesting tj'po of o.\-perimcnt illus- 
trates the difference in mode of action of the aliphatic amine and epinephrine. 
Wlien a he-art is depressed to the point of nearly complete ventricular standstill 
bj' 1 X 10"* 3-mctliylaminoheptane, epinephrine produces rapid rccoverj' of the 
heart to a normal beat. 

Negative Inotropic Effects. This action is quite marked in phenj-lothj-l- 
nmine derivatives with either no ring substituent or with p-hydro.xy groups. 
Methyl or ether groups on the ring appear to increase the depressant properties. 
Compounds with m-hydro.\T or dihydro.xj’ substituents display no depressant 
action at the highest concentration tested. Since phcnj’lalanino and tjTOsine did 
not depress the heart, the carboxj’I group appears less detrimental to the heart 
than a methj'l group in the same position in the molecule. 

The cj’clohaxylalki'lamines and phenj-Ialkj-lamincs possess only negative ino- 
tropic activitj', and some of them in rather low concentrations. 

/Vdrenolytic Agents and tiie Frog’s Heart. Since the structures of the ac- 
tive aliphatic amines differ so widelj' from the required structure for the aromatic 
compounds with positive inotropic activitj-, an attempt was made to separate 
the two tj-pes of activitj'. The ‘adrenolj-tic’ activities of the ergot alkaloids do 
not extend to their action on tlie heart. Tests of ergotamine, ergoto.xine, and 
dihj-droergotaminc confirmed the fact that these substances do not block the 
action of epinephrine on the heart. The report of Sclmetz and Fluch (6) on the 
inabilitj' of Priscol to block the action of epinephrine on the frog heart was also 
confirmed. Priscol depressed the heart at concentrations above 1 X 10“h When 
complete standstill was produced by 1:10,000 Priscol, epinephrine started the 
heart and caused a prolonged stimulation. On the mammalian heart, the action 
of epinephrine is not blocked bj- dibenamine (7). After contact for a half-hour, 
with concentrations of dibenamine ns high os 1 : 100,000, the response of the frog’s 
heart to epinephrine is not markedlj- diminislied. Another compound, 2-(piperi- 
dinomethj-l)-0-methoxy tetralonc hj-drochloride, which Eandall (8) has found to 
be .adrenolytic, is unable to block the action of epinephrine on the frog’s heart. 

Discussion. The earlier studies of the action of amines on the frog’s heart 
have been reviewed by Trendelenberg (10). Nakamura (11) using the Straub 
preparation observed positive inotropic action in response to adrenalone 
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(kephrine), nor-adrenalone, and t 3 Tamine, as well as to /3-aminoacetophenone, 
phenylethylamine and benzylamine. He also found the same action in response 
to iso-amylamine and other aliphatic amines. However, his tests of these com- 
pounds as vasoconstrictors of the vessels of the hind limbs of the frog before and 
after ergotoxine led him to conclude that of all the compounds tested only adren- 
alone, nor-adrenalone, and tyramine acted like epinephrine in that their con- 
strictor effects were inhibited by ergotoxine. 

The stimulating action of tyramine on the frog’s heart has been reported also 
by Ransom (12) and Tainter (13). The positive inotropic action of t 3 TOmine was 
observed by Mezey and Staub (14) on electrically stimulated ventricular strips 
of frog’s heart. Sollmann (15) found slight and irregular stimulation of the frog’s 
heart perfused in situ, in response to ephedrine, but the usual response was de- 
pression. The latter finding was confirmed in the Straub preparation by Amatsu 
and Kubota (16) and Kkeitmar (17). According to Miura (18) both ephedrine 
and pseudo-ephedrine depress the heart of the intact frog. 

Recently, Lands et al. (19, 20) in studies on the perfused frog heart in situ 
noted a marked stimulation in response to Isuprel, but no response to N-isopropyl- 
/3-hydroxy-p-hydroxyphenylethylamine. The potent effect of isopropylepinephrine 
on the isolated heart also has been reported by Lissak et al. (21). It was noted 
by Swanson and Chen (22) that 2-methyIamino-l-cyclopentyl-propane, a pressor 
amine, has no stimulating action on the frog’s heart perfused in situ. 

A possible explanation for the few positive effects of sympathomimetic agents 
reported in the literature but not observed in this study may be in order. These 
agents are known to potentiate epinephrine. Epinephrine-like substances have 
been extracted from frog hearts (see Euler, 23, in reference to his o\m work as 
well as to the work of previous investigators). This may be present in hearts 
perfused in situ or in freshly isolated hearts, but the neurohumor may be re- 
moved after prolonged isolation and repeated washings of the heart. 

Although ethanolamine has no pressor action (Tainter, 24), it possesses posi- 
tive inotropic activity when tested on the mammalian heart (Hauschild, 25; 
Krayer et al., 26). Homma (27) found that 1 :4,000 ethanolamine produces a very 
small positive inotropic action on the frog’s heart. We have not seen this action 
except in tests made without neutralizing the base, and then only in high con- 
centrations. 

The author wishes to acknowledge his indebtedness for the compounds tested 
to the following; Smith, Kline and French Laboratories, for compounds 1-3, 5, 
9-11, 19, 20, 22-31; Bilhuber-Knoll Corp., 36 and 37; Sterling-Wintlirop Re- 
search Institute, 8, 16 and 17 ; Eli Lilly and Co., 34 and 35; Hoffmann-LaRoohe, 
Inc., 14, 18 and 2-(piperidinomethyl)-6-methoxy tetralone hydrochloride; and 
Givaudan-Delawanna, Inc. for dibenamine hydrochloride. 

STOEUAHY" 

1. The isolated frog’s heart shows epinephrine-like responses to 2-phenyIethyI- 
amine derivatives with at least one hydroxyl group in either the 3- or 4- position 
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on tlio ring. Compounds with secondary (methyl- or isopropjdnmino) or tertiary 
amine groups arc also active. 

2. \^nien the side chain is lengthened to three carbon atoms, only 3,4-dihydroxy- 
phenyl compounds are active. /-Dih5'droxj'phenyInlanino (DOPA) produces 
positive inotropic efTccts. 

3. Tiro aliphatic siTupathomimctic amines produce positive inotropic changes 
which are reversible only wdth difficulty*. Certain characteristics of tlie actions 
of these compounds indicate that the mechanism of action differs from that of 
epinephrine. 

4. Plicnyl- imd cyclohcxyl-alkylamincs do not possess positive inotropic ac- 
tivity. 

5. Ergot alkaloids, Priscol, 2-(piperidinomethyI)-C-methoxy tctralone and di- 
benamino arc unsatisfactory adrenolytic ngcnt.s when applied to the frog’s heart. 
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The relation of calcium ion concentration to the effect of cardiac glucosides 
has been studied by many investigators, among them Loewi (1); Lloyd (2); 
Konschegg (3); La Barre and van Heerswynghels (4); Smith, WinMer and Hoff 
(5) ; and Baker (6). A high proportion of these studies have concerned the poison- 
ing of intact animals, without regard to inotropic (i.e., “therapeutic”) action as 
related to the concentration of the applied glucoside. In addition, however, the 
hypocalcic heart under appropriate conditions affords a useful means of evaluat- 
ing the “therapeutic” effectiveness of a cardiac glucoside in restoring the con- 
traction of such a hypodynamic frog heart. It is the purpose of this report to 
formulate quantitatively the relationship of 1) the percentile contractile response 
of the myocardium referred to maximal concentration; 2) the concentration of 
calcium ion; and 3) the concentration of cardiac glucoside. 

Methods. Procecure. The technique employed was based upon that used by McLean and 
Hastings (7). Male frogs (Ranapipiens) weighing about 30 gm. were used. The bicarbonate- 
phosphate buffered Krebs-Henseleit solution (8) employed as a medium had the following 
composition : 

0.9 per cent NaCl 3.82 per centMgSO<-7 HjO Solution saturated with 95 

1.15 per cent KCl 1.30 per cent NaHCO, per cent O 2 and 5 per cent 

2.11 per cent ICHjPO* Glucose, 128 mgm./lOO cc. CO, mixture 

For convenience throughout this report the above variety of Ringer-Locke’s solution so con- 
stituted has been referred to simply as “Locke’s solution". 

The test organ was the isolated frog heart prepared according to Straub (9), but with the 
modified cannula described by Krayer, Linstead and Todd (10). When filled to a height of 
4 cm., such a cannula held approximately 2 cc. of solution. For simple changes of Ca"*^ ion 
concentration, 1 cc. of the new solution was added and at once removed with a finely tipped 
pipette after five or six beats of the heart; then the full amount of serum or Locke’s solution 
was added up to the desired pressure-head mark on the cannula. When a change of medium 
was involved, or when a change in glucoside concentration was made, three preliminary 
equilibrations were employed at five-minute intervals. Thereafter the definitive series of 
calcium concentrations was studied at four minute intervals: so that the crucial effect on 
the 50-percentile contraction was reached not earlier than 40 minutes after the first intro- 

* This work was supported by grants from the Life Insurance Medical Research Fund, 
the Office of N aval Research and the Fluid Research Fund of Yale University School of Medi- 
cine. The authors wish to thank Miss Janice Mahan for her technical assistance and Mrs. 
Katherine H. Barhydt for the preparation of this manuscript. For the pure substances ured 
in this study the authors are indebted to Dr. K. K. Chen of the Eli Lilly Company , ^ 

A. E. Farah and to Dr. S. M. Fossel of Sandoz Chemical Works, Inc., and to Dr. Harry Gol 
of Cornell Medical School. 

® Research Assistant in Pharmacology. 

’ Ciba Fellow in Pharmacology. 
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duction of the now ouabain. The final reading was obtained after four minutes. The record 
was made by a camera on a continuous strip of photo-sonsitivo paper from a bright light 
Bourco reflected off a small mirror rigidly fixed to a torsion spring, as described In a previous 
communication from this laboratory (II), The final records gave a maximal excursion of 
nearly 10 cm., and represented a magnification of about 40'fold. 

Tho data of the present experiments comprise a series of contractile responses, each cor- 
responding to a known (or estimated) concentration of calcium ions. Eachofiheso calcium- 
responso curx’cs was conducted at a known concentration of ouabain or other giucoslde. 
In general, tho concentration of /r« ouabain cmp!o>'od ranged from 0 to C micrograms per 
cent in Locke’s solution. The temperature ranged from 22® to 2S® C. 

In all experimenta due time was allowed to permit the heart to come to equilibrium with 
the ouabain (or digitoxin) of the medium, o.g., over 35 minutes for ouabain and over 50 for 
digitoxin. Under these precautions experiments were performed to study the influence of a 
series of Increasing glucoside*coQCcntrat(ons. 

of Data. From nearly 50 experimenta, each about ten hours in length with read- 
ings taken at four-minute intervals, it is possible to report only selected representative 
observations. In describing tho results algebraically, the chief variables to be considered 
are the following: 

1) the percentile contractile response, R, of tho myocardium; 

2) the concentration of calcium ion, (CA'*'*'); and 

3) the concentration of cardiac giucoslde, (G]. 

The Selection of Intercept lUaw'*’! va. (Ua,Vl- lo accordance with tho traditional use of tho 
ED»«, it would bo desirable to express the experimental results in terms of [Ca^ j. For serum, 
as described in tho companion paper to bo published soon (12), this intercept is satis- 
factory because the algebra Is simplified and the center of statistical weight of the data lies 
close to the 50-pcrcentile response, Hu. In Locke’s solution, however, the heart is liable to 
injur)* at low eoncentratioos of calcium. Hence it Is undesirable to depress the cardiao re- 
sponse (in per cent) much below tho Hu value. Consequently, the latter value is slightly 
more accurate. In practice, appropriate constants are used for either, but tho dl^ercnco is 
trivial. For the sake of clarity, tho results arc expressed here in terms of the but in 

actual experiments the authors recommend tho use of the [COf, j. 

Observations in Lockers Solution (based on [CnJo’j). As shouTi in table 1 and 
figure 1, the data of Experiment 25 yield a series of calcium-response cun*es, 
which can be fitted satisfactorily to straight lines when calcium ion is plotted 
against log (90-11). These lines intersect the ordinate for 50-percentile contraction 
at regular intervals. Consequently a linear relationship can be formulated be- 
tween each giucoslde concentration (Gjand the intercept delineated by the corres- 
ponding line. 

This point is demonstrated more readily wlien calcium ion is plotted against 
( iQQ^ as ehoi^-n in figure 2. At the 50-percentiIo level, i.e., at the ordinate 

marked 1.0, the cun'cs for contraction form a scries of regular intercepts. By a 
fortunate coincidence of units, the ordinate of figure 2 may be used again to in- 
dicate the concentration of h 3 ^rat€d ouabain. When the several intercepts for 
50-percentile contraction are projected on to tho appropriate ordinates, another 
nearly linear relationship results according to the following equation: 

Equation A [CaJ^j — A — k [G] 

where the calcium is expressed in milHmoIs per liter and the concentration of 
ouabain in micrograms per cent. In this experiment, k has the value 0.93. Ob- 
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viousb', A is the value for [CaS*'] in Locke’s solution free of ouabain, i.e., 0.71. 
It vail be noted that in table 1 the mid-response has been calculated both for the 
CO- and the 50-petccntile values. Obviously, 

Modified*Equation A 

[CaJ/l = (A - a) - k [G] = A' - fc [G] 
where A' equals 0.81 . 



FlotjRE 1. The contractile response, It, of the frog’s heart nt various concentrations o- 
ouabain can be plotted conveniently on a reverse-logarithmic scale. This function is la- 
belled/ on the ordinate. Because conventions varj* In different journals, it should be cm. 
phasized that the right hand ordinate gives arithmetic values plotted on a log ecalef 
The calcium concentration, however, is linear on the abscissa. 

jlfaihmaiical FormuJalion. It is apparent from figure 2 that the [Caff*] serves 
as a common denominator through which the response of the heart can be trans- 
lated info the concentration of ouabain employed. When eacli of the two last- 
named variables lias been related to the value for ICaff"! common to both, the 
calcium may then be eliminated from the picture. There results the relationship 
shown in figure 3, in which the constant A now appears as the intercept on the 
?/-axis. In thisfigure, three functions of thcglucosidc concentration are plotted on 



Ouoijai-n Coniraclilc "Response op 

Concenl^raiioYi Frog Heori io 

• = Serum Oua'bam and Colciura 


x^lMg.perccnt in Locke's Soluiion 
o = 2. « «i 



per Liter > 


Fig. 2. In this graph the ordinate is used twice. With calcium as the independent vari- 
able, the contractile response, R, of the frog’s heart gives the 50-percentile response at a 
value of 1.0 (i.e., 50:50) for each concentration of hydrated ouabain. Then each 50-percentile 
response is projected (see arrovrs) to the appropriate value for ouabain concentration. The 
synergistic relationship of ouabain to calcium is shown to be approximately linear. 

Co.'*’ ■*■ vs. Ovatain 



Ovahain GonttTvtrcilioi\.>yAi3.‘Pevc«Jv^ 

Figure 3. Although traditionally one might expect the log-concentration to be the 
determining function, it is clear that the simple concentration of ouabain (or even the 
anti-log) better describes the relationship to calcium ions. 
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thos-axi8, i.o., (a) tho log-conccntration, (b) the direct concentration, and (c) the 
antilog-conccntration. It will be noted that tlie direct concentration Borves Batis- 
factorily to describe tho a'q)erimental data, and thus illustrates Equation A 
already given. 

For those investigators who would prefer to calculate the concentration of 
glucosido directly from the data illustrated in figures 1 and 2, tho following ampli- 
fications of Equation A will bo convenient. Figure 1 yields the equation 

Equation B 

0.7G (log (90-50) - log (90-R)} = k [G] -f- [Ca"^) - A 



Fiouns 4. In contrast to the behavior of the control heart, the frog heart treated with 
digitoxin shows a prompt decline in cnlciuro requirement. 

Likewise figure 2 shields 

Equation C I/b 0 ^ 

where 1/b equals 1.8. 

Other Cardiac Glucosidcs. The technique, as illustrated for hydrated ouabain, 
may also be applied to other eardiac glucosidcs. In figure 4 is demonstrated the 
effect of a high (near-toxic) concentration of crystalline digitoxin upon the 
[CaM*"]. Tho rather prompt response is in striking contrast to the data fora control 
heart. Liken-ise, in figure 5, are shown comparative data for hydrated ouabain 
and for digitoxin, respectively. By appropriate calculation these data jneld an 
equivalence value of over three units of digitaxin per unit of hydrated ouabain. 
Obviously, it is not the purpose of the present report to present detailed assays 
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of various cardiac glucosides. The principle, however, is illustrated by figure 5. 
The method might be of value in the screening of prospective cardiac drugs. 

Discussion. The mechanism of calcium effects on the contractile response of 
the myocardium is not the thesis of this communication. In 1928 Clark, Percival 
and Stewart (13) suggested that a readily dissociable calcium-lipoid complex 
located at the surface of the individual'cell might be- the reason for the rapid ad- 
justment to changes in calcium ions. By way of contrast, it should be noted that 
an appreciable time is required to produce the full inotropic effect of ouabain. 



iimt > 50 100 150 200 260 300 3S0 

(in minutes) 

Figure 5. Comparative calcium-glucoside responses are shown for ouabain and for 
digitoxin. The scale for concentrations of digitoxin is arbitrarily selected at four times that 
of hydrated ouabain. In addition the protocol for the digitoxin experiment is plotted against 
time to illustrate the experimental procedure. 

Whenever calcium ions are reduced in the medium, the contractile response of 
the heart can be restored by adding a proportionate amount of glucoside. In short, 
each molecule of a given glucoside compensates for a certain loss of calcium, 
wliich is characteristic of the drug in question. For instance, at 27° 0. as shown in 
figure 3, 

Equation D = —6400 

for hydrated ouabain, when both concentrations are expressed in molality. 

It should be emphasized that the effects of ouabain described here are ino- 
tropic,— not toxic. Many studies of to.xic arrhythmia, A-V block, or myocardial 
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standstill at high concentrations of drug have been published, both in intact 
animals or men and in sundving organs. Such toxic effects were reviewed by 
Smith, Winkler and Hoff (5), who studied the to,xic synergism with calcium in 
dogs. Baker (G) has made carefully systematic studies of toxic dosage for intact 
rabbits and of toxic concentrations in isolated (Lnngcndorff) rabbit hearts. He 
found that inercased caleium or decreased potassium shortened the survival 
time and vice versa. In our studies thus far, potassium has been maintained 
constant. Recently Bine and Friedman (14, 15) have used the embryonic duck 
heart to record arrhythmia duo to a cardiac glucosidc. Their values fall in the 
general range described in this report, although calcium ions were not varied and 
the dosage of glucosido was often higher than the truly inotropic. 

In general, the classic e.xpcrimcnts of Trendelenburg (IG) on the effects of 
calcium deficiency in bodj’ fluids have been confirmed by the control data pre- 
sented in this report 


SUMMARY 

The isolated frog heart responds to concentrations of hydrated ouabain about 
5 micrograms per cent (i.c., 0.0001 mitlimolar) in Locke's solution. Thus p 
[Ouabain] is about 7 in the inotropic range, like pH and p [Thiamine]. Wlicn the 
isotonic contraction of the heart is depressed by lowering the concentration of 
calcium ions, the contractile response may bo restored by adding ouabain or 
digitoxin. Tliis ejmergism follows simple linear functions relating k [G] to [Cai?], 
whore k is the relative potency of the drug and [G] the concentration of the drug. 
This technical approach can be applied to other cardiac drugs; so that potency is 
measured in terms of the number of calcium ions for which each molecule of drug 
can compensate. 
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iNTRODtJCTioN. The effects of anesthesia upon renal function have been studied 
recentlj’’ by several investigators (1-4). The previous studies in human subjects 
employing ether and cyclopropane have been conducted during surgical pro- 
cedures. It has been impossible to separate changes influenced by operation from 
those caused by the anesthetic itself. We report here the results of measurement 
of renal function just prior to and during ether and cyclopropane anesthesia in 
normal humans. No surgery v'as undertaken before completing the observations. 

Methods. Mannitol and sodium para-aminohippurate were used for measurement of 
glomerular filtration rate and effective renal plasma flow, respectively*. The quantities 
given, methods of administration, collection of blood and urine samples, and methods of 
analysis were essentially those recommended by Goldring and Chasis (S). The only differ- 
ence was that we found it necessary to give substantially less sodium para-aminohippurate 
in both the priming and sustaining infusions than they recommend in order to insure low 
plasma levels of this substance. 

Plan of Studt. An attempt was made to exclude complicating factors that produce a 
divergence from homeostasis except those caused by the anesthetic agent itself. The 
patients chosen were those in whom elective surgical procedures were anticipated. They 
were in good clinical condition, and had normal kidney function by the usual rough clinical 
criteria. It must be emphasized that all studies were completed before any surgical pro- 
cedures were started. 

Twenty to thirty minutes after the sustaining solution had been started, three ten- 
minute control periods were completed. At least two blood samples were drawn for every 
three urine collection periods*. Usually, no premedication had been given, and some patients 
were rather apprehensive. Hence, the effect of excitement on renal function cannot be ex- 
cluded during the pre-anesthetic stage. During induction and until the patient had reached 
the first to second plane (Guedel) of the third stage of anesthesia, clearance measurements 
were interrupted. Collections were then started again and continued at approximately 
ten-minute intervals for an additonal 23 to 74 minutes. Anesthesia was maintained insofar 
as possible at these same levels throughout the period of observation. Eight patients 
received ether, and seven received cyclopropane. 

Results. Ether (tables 1, 3). Four males and four females between the ages 
of 19 and 62 were studied. In two, nitrous o.vide was used briefly as an induction 
agent (J. B. and J. V.) ; in the remaining six, no supplementaiy anesthesia was 
employed. Collection periods during anesthesia were started 14 to 30 minutes 
after induction and continued for 29 to 74 minutes more. 

* Present address; Evans Memorial Hospital, Boston, Massachusetts. 

- We are indebted to Dr. William P. Boger of Sharpe and Dohme, Inc., for the generous 
supply of mannitol and sodium para-aminohippurate used in these studies. 

* All urine collections were made through indwelling multiple eye catheters. 
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The glomerular filtration rates, comparing the average values determined dur- 
ing control periods with those determined during anesthesia, fell in every pa- 
tient. The average reduction in all patients was 21 per cent. Certain variations 
and chronological trends not apparent from the mean values should be noted. 
In one patient, J. B., filtration rate fell early in anesthesia, although probably 
still within the normal range, and in subsequent periods returned to the control 
level. In another, J. V., filtration rate fell markedly and persisted at lower levels 
throughout the period of observation. The changes in the remaining six patients 
varied between the extremes seen in these trvo. The usual response was an early 
significant fall followed by slight improvement in filtration rate as anesthesia 
continued. In three patients (J. V., S. C., D. I.), the filtration rates during the 
control periods were below normal. This suggested the presence of possible under- 
lying renal disease not revealed by the usual clinical methods. However, they 
showed the same general trends and quantitative changes in filtration rate during 
ether anesthesia as demonstrated in the group as a whole. 

With one exception, J. B., average effective renal plasma flow fell during ether 
anesthesia; the average decrement for all patients was 39 per cent. Like filtration 
rate, there were individual variations not apparent from mean values in the re- 
sponse of plasma flow to ether. In J. B., plasma flow after an initial fall then rose 
above the control values, whereas in V. T., it was persistently decreased. This 
latter effect was essentially that seen in the remaining six patients, although in 
some there appeared to be a tendency after an initial fall for the plasma flow to 
improve towards the control levels. 

The average filtration fraction (Cm/Cpah) rose in seven of the eight patients 
studied; hence, the plasma flow was reduced proportionately to a greater de- 
gree than was the filtration rate. The average increase for all patients was 25 
per cent. 

Average mine flow diminished significantly in all but one patient, D. I., and 
the average decrement for the group was —51 per cent. The mannitol U/P ratio 
rose in the seven patients whose urine volume diminished, indicating that the 
diminished urine flow was a result of an increase in renal tubular reabsorption 
of water as well as of the decrease in glomerular filtration rates and effective 
plasma flow. 

There were no striking changes in the blood pressure. 

Cyclopropane (tables 2, 3). Two males and five females between the ages 
of 16 and 41 were studied. Nitrous oxide was used briefly as an induction agent 
in three patients (R. J., C. F., M. S.). Collection periods during anesthesia were 
started 8 to 18 minutes after induction and continued for 23 to 41 minutes more. 
The changes occurring during cyclopi’opane anesthesia were qualitatively similar 
to but quantitatively greater than those found with ether. 

The average glomerular filtration rate fell in all instances during anesthesia 
and to a significant degree in all except one patient, C. F. The average decrement 
for all cases was 31 per cent, as compared with 21 per cent for ether. The usual 
response was a significant and persistent lowering in glomerular filtration rate. 
As with the ether patients, examination of individual protocols revealed some 
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temporal variations in this function during cyclopropane anesthesia not demon- 
strable from mean values. In L. D., for example, after an initial sharp fall, the 
filtration rate returned to control levels. 

Effective renal plasma flow also fell in each instance, 52 per cent if all cases 
are averaged, as compared with 39 per cent for ether. In a few subjects, plasma 
flow improved slightly as anesthesia continued, but, in general, it was strikingly 
and persistently diminished throughout the duration of cyclopropane anesthesia. 

Here, as with ether, the reduction of effective plasma flowwas relatively greater 
than that of glomerular filtration rate as indicated by a rise in filtration fraction 
in all patients. The average rise for the entire group was 35 per cent, as compared 
■ndth 25 per cent with ether. 

Average urine flow during cyclopropane was diminished slightly less than dur- 
ing ether, and average U/P ratio increase was slightly less than wdth ether. In- 
dividual variations, however, were present. Li one patient, urine flow was un- 
changed. In six patients, urine flow decreased, accompanied in five of these by 
a significant rise in mannitol U/P ratio. In I. G., the U/P ratio was essentially 
unchanged, while urine flow and filtration rate during anesthesia were approxi- 
mately half those observed during control periods. Here, presumably, there was 
no increase in tubular reabsorption of water. Both L. D. and I. G. during the 


TABLES 


AKCStaEStA 

KO. 

AVEJtAOE CSASGES (PES CEST) 

PATIEKTS 


CpAH 

Cu/PpAS 

Urine flow 

Ether 

8 

-21 

-39 

-f25 

-{-35 

-51 

Cyclopropane 

7 

-31 

-52 

-47 




control periods showed filtration rates well under the normal range; hence, their 
failure to show an increase in U/P ratio might be related to intrinsic renal disease, 
although there was no clinical evidence of such in either patient. 

The systolic blood pressure rose in four patients, and was unchanged in three. 
The diastolic pressure fell in two of the four with systolic elevation, rose in one, 
and was unchanged in one. The diastolic pressure fell in one patient whose systolic 
pressure did not change. 

Discussion. Our findings are in some disagreement with those of other workers. 
Previous studies in man demonstrated no changes in inulin or diodrast clearances 
with ether anesthesia, and a fall in inulin clearance and variable diodrast clearance 
changes with cyclopropane (1). These studies differed from ours in that they 
were complicated by the probable effects of operation on renal function. In dogs 
under fight anesthesia ndth both ether and cyclopropane, little change in either 
glomerular filtration rate or effective renal plasma flow occurred (2). With both 
drugs tmder deep anesthesia (deeper presumably than we employed in any of our 
obsenmtions), urine flow, glomerular filtration rate, renal blood flow, and tubular 
reabsorption of glucose were reduced to about half the values observed during 
light anesthesia. Similar studies in do^, made with sodium pentobarbital, re- 
vealed no important changes in renal function (3). 
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In our series some changes in renal function, ns demonstrateil by diminished 
glomerular filtration rate and effective plasma flmv nndj increased filtration frac- 
tion, were observed in all but one subject with ether, and in all subjects with 
cyclopropane. The effects of cyclopropane were more marked and persistent than 
those of ether. 

The levels of anesthesia maintained (first to second plane of the third stage) 
are those employed for most surgical procedures in this institution. 

The rise in filtration fraction in our subjects deserves special mention. It was 
not observed in the previous studies already cited (1, 2); yet it occurred in the 
majority of our patients, and it was more marked with cyclopropane than with 
ether. In reference to this, the studies of Craig ct of. show some similarities. In 
their dogs (2, table 3, p. 114), the filtration fraction under cyclopropane was 
significantly higher than with ether, but it is true that the filtration fraction with 
both agents fell ns the animals passed from light to deeper anesthesia. 

Although we have no c-vtensive data concerning the importance of c-Ttra-renal 
factors, those we do have would render unlikely a conclusion that alterations in 
homeostasis played any important part in the changes observed. All of our pa- 
tients were adequately hydrated prior to the period of observation, and there 
was no clinical evidence of dehydration or decrease in plasma volume during 
anesthesia. Changes in blood pres.sure were usually slight and apparently unre- 
lated to the observed changes in renal function. 

The obseiwed facts from our measurements are most consistent, we believe, 
with the hjiiothcsis that ether and cyclopropane, acting cither primarily upon 
the kidney and its blood vessels or secondarily by a humoral mechanism, cause 
renal vasoconstriction of both the afferent and efferent arterioles, but that they 
have a greater relative action on the efferent arterioles. Wliile qualitatively the 
two drugs have similar effects, quantitatively those of cyclopropane are more 
pronounced. It seems unlikely that the changes observed can be e.vplainod by 
the production of renal vascular shunts. Angiographic studies in rabbits during 
prolonged anesthesia with sodimn pentobarbital and ether failed to sliow any 
definite change in the caliber of the renal vessels (0). Tlie reduction in urine 
volume observed in all but one patient, and the usual rise in mannitol XJ/P in- 
dicate release of antidiuretie hormone in addition to the changes in renal hemo- 
dynamics. 

Effective blood flow in the kidney appears to be reduced more greatly by cyclo- 
propane than by ether. A similar effect has been obson-ed in two other regions 
of the body. 

Beecher, Warren and Jlurphy (7) have found when cervical lymph is col- 
lected, imder standardized conditions, that on shifting an average dog from cyclo- 
propane to ether, the lymph flow increases 03 per cent. On shifting an average 
dog from ether to cycloprop.ino, the lymph flow is reduced 35 per cent. The lymph 
flow is lower in all cases under cyclopropane than it is under ether. There can be 
little question under the circumstances of these obsciwations that the lymph flow 
follows the capillary circulation. 

Zweifach, Hershey, Rovenstino and Chambers (S) have studied the blood flow 
in the capillary bed of the dog’s omentum during graded hemorrhage. This they 
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have done under several anesthetic agents. They have observed directly that as 
bleeding continues under cyclopropane, the number of open capillaries remains 
normal for about a half-hour, with constriction persisting for the following three 
hours. During this period the flow persists through the most direct channels, the 
“thoroughfare channels”. But udth ether, imder the same circumstances, the 
number of open capillaries remains normal for one and one-half hours (three 
times as long as with cyclopropane). With ether the normal period is followed 
by a relatively brief (45-minute) constrictive phase (one-quarter as long as with 
cyclopropane), and then an unrestricted condition follows with widespread flow 
through all capillaries under ether but not under cyclopropane. 

Thus, information derived from three entirely different approaches indicates 
that the capillary blood flow is reduced by cyclopropane in comparison with 
ether. 

Certain therapeutic implications are suggested from these data. During traum- 
atic shock, alterations in renal function similar to those here reported have been 
well demonstrated (9). If shock is severe or prolonged, these changes may persist 
for some time after resuscitation has been effected, and in some instances death 
from uremia results (10, 11). These previous studies demonstrated no such 
residual effects of ether anesthesia itself in the absence of shock (cyclopropane 
was not studied). Consideration must be given to the possibility that adminis- 
tration of the anesthetic agent while shock is present could accentuate further 
deviations from normal renal function. Judging from the observations reported 
here, ether is preferable to cyclopropane in patients if shock is present or antici- 
pated during operation. 


SUMMARY 

1. The renal clearances of mannitol and sodium para-aminohippurate were 
determined before and during anesthesia. Ether was administered to eight human 
subjects and cyclopropane to seven. 

2. All studies were conducted on patients in good condition with normal renal 
function as inferred from the usual clinical criteria. All observations were com- 
pleted before any surgical procedures were started. 

3. In seven of the eight patients w'ho received ether, and in all who received 
cyclopropane, the average glomerular filtration rate and effective renal plasma 
flow fell during anesthesia. The average filtration fraction rose in each patient 
except in one, who also showed no significant changes in mannitol or para-amino- 
hippurate clearances. Average urine flow fell in both groups, accompanied by a 
rise in the average U/P ratio. Individual variations in all of these measurements 
were observed. 

4. The changes in kidney function observed during ether and cyclopropane 
anesthesia were qualitatively similar; quantitatively, they were greater vith 
cyclopropane, and somewhat less subject to individual variation. Thus, average 
glomerular filtration rate fell 21 per cent with ether, and 31 per cent with cyclo- 
propane; average effective renal plasma flow fell 39 per cent wdth ether and 52 
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per cent with cyclopropane; nverago filtration fraction rose 25 per cent with 
ether and 35 per cent witli cyclopropane. 

5. Possible reasons for the variation of our datn from that of previous workers 
arc presented. Certain physiologic and therapeutic implications of these data 
arc suggested. 
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The finding in these laboratories that some substituted piperazines possess 
definite antihistamine activity, has led to the development of a hew class of 
highly potent antihistaminics of chemical structure distinctly different from the 
usual ethylenediamine types which are in the market. The most promising mem- 
ber of this new class is N-methyl-N'-(4-chlorobenzhydiyl) piperarine dfiiydro- 
chloride’ (Compound 47-282), for which the generic name Chlorcyclizin^ has 
been adopted. 


Cl< 


CHj— CH 

/ 

CH— N 


<IX 


\ 

CHs— CH 


\ 

N— CHs 


• 2HCI 


It is the purpose of this communication to point out some of the steps that 
led to the development of Chlorcyclizine and to present the results of preliminary 
pharmacological studies. For the sake of comparison, the results obtained with 
known antihistaminic drugs are also given. 

ANTiHiSTAiiijnc AcTmxr. Tracheal Chain. As it has been pointed out in 
previous communications (1-3), the guinea pig tracheal chain responds to hista- 
mine with prompt contractions which are sustained at the same level for a long 
period of time, thus facilitating the qualitative and quantitative study of the 
ability of the antihistamine drug to relieve the spasm. Therefore, as illustrated 
in figure 1, the technic we use is that which estimates the degree of relaxation 
caused by the addition of the antihistamine drug to the bath at the peak of the 
histamine contraction, allowing the antihistaminic to act until the maximum re- 
laxation is obtained. 

In table 1 are listed the antihistamine activities of some of the substituted 
piperazines which led to the development of Chlorcyclizine. The respective 
potencies are given in terms of diphenhydramine (Benadryl) taken as 100 per 
cent. 

Although the N-methyl-N '-benzyl piperazine (46-125) was found to have some 
antihistamine activity, the substitution of an ethyl or the methyl group (46-126) 


' It has recentlj' come to our attention that this compound, in the form of the mono- 
hydrochloride, has been independently synthesized and tested for antihistamine activity 
at the Abbott Laboratories, North Chicago, Illinois. 

“ Supplied as ‘Perazil’ Brand Chlorcyclizine by Burroughs Wellcome & Co. (U.S.A.) 
Inc., Tuckahoe, New York. 
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jicUled a compound of lc«:s actnitj The K-!)cnzj I-X'-normal lauijl piperazine 
(895) ^\n‘5 found to bo de\oid of actiMty Tiiercfore, ifc appeared that tlic group 
ntlached to R' had to be light, prefeiabh nictlnl On the other hand, nhen a 
hcaMcr group uas attached to It (m (he ca^e of 47~S3 a benzlndr^l), a highly 
acti\c antihistamine compound, comparable to Bonadnl, u is obtained 
Tiic incorporation of a chlorine m the 4 position of one of tlic plien^ 1 groups of 
the bcnzhjdr\l piperazine ^ leldcrl Chlorc^clizine ^\hlch, as shoun in table 1 and 
figure 1, nas found to be four times more potent thin Benadryl As illustrated 
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in figure 1, Chlorcj clizinc acted more slowly than 47-83 and Benadr 3 l, but its 
antihistammic clTect after ashing pcrsistc<l for a longer period of time 

Prolcctton Nebulized lUstaminc — ^Tlie method of I ocw (4) as modified bj Sieg 

mund (5) was also used to test for mtihistjminicnctuitx Tins method possesses the ad\ an- 
tage of revealing the oral cfTcctivencssof the drug Guinea pigs, one at a tinic, were confined 
in a g! i8s chamber of about four liters capacitj and exposed to a fineh atomized mist of a 
0 2 per cent solution of histamine diphosphate Onij those guuioa pigs suffering nsply \ial 
collapse within four minutes were accepted for the test In our experience guinea pigs 
become increasiriglj sensitive to repeated tests within the same daj and it is rare that such 
animds can withstand a si\ minute exposure Therefore anj guinea pig surviving si-^ 
minutes’ exposure to the nebulized histamine was arbitrarily classed as “protected”, and 
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in the following experiments such protection was attributed to the drug. In carrying out 
the actual tests, the acceptable guinea pigs were allowed to recover from the screening 
procedure for about one hour. At the end of this time they were dosed orally with the drugs 





Q ::6 - 
Uj _ 

Uj4^- 
^ - 

£2- 

Uj ~ 


Fig. 1. The effect of the indicated concentrations of 47-S3, Chlorcyclizine and Benadrj'l 
on the spasms induced by (H) histamine phosphate 1:250,000 on the guinea pig tracheal 
chain. (W) indicates washing. 

under e.xamination. One hour later the animals were subjected to the nebulized histamine. 
This procedure was repeated at 21, 4 and 5 hours after dosing. All drugs were given at the 
same dosage level of 2.5 mgm. per kgm. although it is recognized that some may be more 
potent than others. The data are given in table 2. 
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Hie results indicate that Chlorcjclizine is an effcctne antihistaminic when 
gi\on orally to guinea jugs, and has an actnity comparable to commercially 
available, highly potent, antihistaminic dnigs 
The diuation of the action of Chlorc^clmnc in protecting guinea pigs against 
lu'itammc aero^'Ol, w as <lctcrminod in t\\ o groups of ten animals each As show n m 
table 3, a single onil do«e of 10 mgm pet Kgm. was found to impart marked pro- 
tection for o\ or 23 boui*fe, and some residua! nctiMtv was still present at 43 hours 
Jnhihilion of Ihslaimnc^lnduccd Spasm of ihc Guinea Pig Ileum As figure 2 
shows, ChloicjcliPine like Benadr^’l posse^«cs the ability to inhibit the contrac- 
tile action of histamineon the I'^olated guint'i i>ig ilcum At a dilution of 1 :50,000r 
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000 both drugs cNhihit approximatch the same intensity of action, but Chlor- 
cjclizinc IS more difficult to romo\e bj washing and con^cquentlj' displays a 
longer duration of action 

Inhibition of the Vasodilator Aclton of Histamine on Dog's Blood Pressure Ihice 
mgm per kgm of Chlorcjchzinc injected mtiavcnoiisb’ in dogs under Dnl an- 
esthesia, blocked almost completely for o\cr two hoiirb the depressor effect 
produced hy a dose of 50 microgm of histammc diphosphate 

Inhibition of Histamine Wheal Response tn Humans Unpublished data (G) ob- 
tained fiom expeuments on 30 subjects show that a single oral dose of 100 mgm. 
of Chlorcychzine modifies for oxer 24 liours the reaction produced hy the topical 
application of a histamine solution to small scarified areas m the skin 
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Clinical Ohservaiions. Preliminary clinical trials (7) indicate that single daily 
doses of 50 mgm. of Chlorcyclizine are very effective in relieving common allergic 
symptoms. A very low incidence of side-effects is reported by the patients. 

Spasmolytic Action. Chlorcyclizine was found to be effective not only in 
antagonizing the spasms produced by histamine on the isolated guinea pig ileum, 
but also was found to inhibit the spasmogenic effects of acet 3 dcholine and barium 
chloride. It was found to be least effective in antagonizing barium chloride, 
moderately active against acetjdcholine, but extremely effective in antagonizing 
histamine. 



Fig. 2. The effect of the indiciited concentrations of Chlorcyclizine and Benadryl on the 
spasmogenic action of (H) histamine phosphate 1:5,000,000 on the guinea pig ileum. 

Circulatory Effects. Three mgm. per kgm. of Chlorcj’^clizine injected intra- 
venousfy to dogs under Dial anesthesia, produced falls in blood pressure ranging 
from 33 to 90 mm. Hg. In all cases the blood pressure returned to normal within 
three minutes. No deleterious effects on the heart could be observed and there 
was no effect on respiration. Besides blocking almost completely for over tvo 
hours the depressor effect of histamine, the same dose of Chlorcj^clizine caused 
a definite inhibition of the response to acetylcholine and the epinephrine pressor 
response was enhanced. 

Loc-^l Anesthetic Action. Chlorcjmlizine and Benadrjd were tested for local 
anesthetic activity bj^ the intradermal wheal method in guinea pigs (8). It was 
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found that the duration of anesthesia produced b 3 ' the injection of a 1 per cen- 
Bohition of Chlorcj chzinc uas about the ■i.inio as’ that produced bj an equal cont 
centration of Bemdrjl, both lasting about 22 minutes 
Jlrnnr^Tic Tests One per cent solution of Chlorcj clizino had no mjdnatio 
action on the rabbit ejo The same concentration of Benadi-jl produced a 20 
per cent dil ition of the pupil, uliich could be ascribed to the atropine like action 
of this drug Therefore, Chlorcj chzinc is relativelj free from action of this char- 
acter 


TA6LE I 

7 Ac acute loxicitie^ of Chloreyclutnc and Known antihistaminies when injected 
intrapcntoneatly tn white mice 


Dice 

U>u 

LIUITS or EIROK 


/iim 

Per etHt 

Chlorc^ cliunc 

IV 

95-105 

PjTftnisaminc (\co'iii(crpnn) 

115 

93-107 

Chlorothcn (TnRalhcn) 

1 105 

92-100 

Mcthnpjnlone (Then%!enc) 

4i 

oi-ios 

Trjpclcnnaminc <l\nbcn*aro»nc) 

07 

90-104 

Diphcnljjdrnmmc (Dcnidnl) i 

C9 

03-10S 

Diatrin j 

11- j 

90-105 


TABLE S 


Comparison of the tolerance of Chloreyclisine and Pyrtbemamine in albino rats with respecl 
to growth rate and mortality 



j CTltOICYCXltlNE 

1 T■l^ELESSAyI^X 

COVCEVrlATION or dico 

IS JOOD 

A^cr3ge drug 
conjumrd 
mgm /kgm 
per day 

A'ertrt 1 
woight mm 
per m 

m is cla>« 

Morlality 

Average drug 
consumed . 
mgm /kgro , 
per da) 

Av erage 

pn per ral 
m5ida}s 

Morulily 

Per cent 

Control 

0 

171 

Per eent 

0 



Per cenl 

0 00625 

4 1 

150 

0 

3 9 

170 

0 

0 0125 1 

7 8 

175 

0 

1 8 2 

145 

0 

0 025 

17 0 

143 

0 

1 15 1 

163 

IG 6 

0 05 i 

34 3 

145 

0 

! 32 4 

153 

0 

0 1 

G5 G 

123 

IG 6 

1 Cl 3 

129 

! 0 


Toxicm Mice The acute toMcity of Chlorcj chzine uas determined bj intra- 
peritoneal injection in -nliito mice The results are summarized in table 4 Tor 
the sake of comparison, the LDm \ allies obtained for other antihistaminics are 
also listed 

The sjanptoms observ ed prior to death in the mice injected u ith Chlorcj clizine 
jvere indistinguishable from those produced by Benadrjl and tripelennamine 
(Pyribenzamine) These consisted of initial excitation, tremors, convulsions, 
respiratorj failure and finally cardiac arrest All deaths occurred uithin tuo 
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INTRODUCTION 

The condensed alkylphosphates, hexaethyltetraphosphate (HETP) and 
tetraethylpyrophosphate (TEPP) were introduced in Germany during the war 
as insecticides (1, 2). The toxic actions of these substances in rats have been 
described and they have been shotvn to be powerful anticholinesterases in vitro 
(3, 4, 5). The effects of HETP on circulatory and other systems and its po- 
tentiation of the actions of acetylcholine have been studied by Dajrrit, Manny 
and Seevers (6). 

We have studied the effects of HETP and TEPP on various systems in the 
chloralosed cat and on isolated organ preparations. A preliminary account of 
these actions has been presented (7). 

Methods. Cat Experiments. These were performed under chloralose anaesthesia 
(0.08 gm./kgm.). Arterial B.P. was recorded in the common carotid artery. A tracing 
of the respiration was obtained by recording the movements of the anterior abdominal wall. 

Nerve stimulation was carried out with an electronic square wave stimulator. Except 
where otherwise stated the pulse width was 2 m.sec. and the intensity of stimulation was 
maintained at a constant supramaximal value in each experiment. 

Salivary secretion was measured by means of a cannula in the submaxillary duct con- 
nected to a Gaddum drop recorder. 

The tone and contractions of the small and large intestines were recorded by means of 
small balloons connected to water manometers and volume recorders. In the study of 
responses of the bladder cystometrograms were recorded. A cannula was tied into the 
urethra and connected to a water manometer and volume recorder. Three cc. of water 
were introduced (in 5 sec.) at |-1 min. intervals until reflex micturition was produced. 

Isolated Organ Preparations: 

Perfused Rabbit Heart: The Langendorff prep.aration was used. Drugs were injected 
into the perfusing fluid. 

Isolated Intestine. Rabbit duodenum or guinea pig ileum was suspended in Tyrode 
solution. The drugs were allowed to remain in contact with the gut for 3 min.; the 
bath was then washed out twice. The drug dosage has been expressed as the final 
concentration by weight in the bath. 

Frog Rectus Abdominis Preparation. The drugs were kept in contact with the muscle 
for 3 min. and then removed by washing three times. 

Rat Phrenic Nerve-Diaphragm Preparation. This preparation was set up according to 
the method described by Bulbring (8) except that a spring-loaded lever was used. The 
volume of the bath was 40 cc. The rate of stimulation of the nerve was once in 10 sec. 

General Effects of HETP and TEPP in cats under chloralose anaesthesia. The 
effects of intrat^enous injection of different single doses of HETP were as fol- 
lows: — 0.05-0.1 mgm./kgm.: There were no detectable effects on any sj'stem. 
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0.2^.3 mgm./kgm.: Slight hratlycawlia am! a fall in blood pressure of 10-20 
mm. Ilg developed within five minutes of the injection. 0.‘1-0.C mgm./kgm.: 
Marked slowing of the heart rate, o.g, to half the initial rate, and a fall in B.P. 
of 50-100 mm. Ilg occurred; the B.P. began to recover in 10-20 min. There was 
marked salivary’ and bronchial secretion, and transient signs of respiratorj' 
stimulation appeared. Bowel movements heeame excessive and were followed 
by defecation; micturition also occurred. Thepupils wore sometimes constricted, 
sometimes dilated, and where dilatation occurred the nictitating membrane did 
not appear to be retracted. Muscle fasciculations and minor convulsive move- 
ments were seen, and the animal became extremely sensitive to jarring. O.S-2.0 
mgm./kgm.: Violent eonvul.rions appeared within two to three minutes; the 
visceral clTccts wore greatlj’ enhanced, the bradj'cardia being ver>’ marked, the 
B.P. falling to about *10 mm. Ilg, s.alivation and bronchijil secretion were ver>' 
profuse, and there were extremely vigorous gut movements and defecation. 
Death usually occurred in loss than one hotir. 

Larger total amount.s of IIETP were required to produce the above ofTccts if 
given in divided doses, c.g. at 15-30 min. intor\'als. 

Atropine (0.2-0.4 mgm./kgm.) greatly reduced or abolished the visceral re- 
sponses to HETP given in doses up to 2.0 mgm./kgm. but the muscular fasciculn- 
tions and conml.«ivc movements were not prevented. Atropinised cats fre- 
quently survived still larger doses of HETP, though signs of central nen’ous 
inhibition, c.g. respiratorj' depression, were then liable to occur. 

TEPP produced effects verj' similar to those just described for HE7T but it 
was effective in about one-fourth the dose, i.c. TEPP is about four times n.s po- 
tent as IIETP. 

Tricthylorlhophosphatc and sodium pj'rophosphalc in doses up to 20 mgm./ 
kgm. produced no systemic effects. 

A. Adiom of HETP and TEPP on I'ariom systems in the chhrafosed cat. 
Cardiac response to peripheral vagus nerve stimidation. In ten experiments the 
peripheral end of the out left vagus ncr\’c was stimulated at different frctiucncies 
at a constant supramaximal intensity. Figs. 1 and 2 illustrate the results ob- 
tained in typical experiments before and after IIETP. After HETP (0.57 mgm. 
/kgm.) stimulation of the vagus ncn'c produced a more marked and more pro- 
longed fall of blood pressure and slowing of the heart rate. Fig. 3 summarizes 
grapliically the effect of HETP on the cardiac inhibition produced by vagal 
stimulation. The most striking effect is the prolongation of the period before 
the heart rate returns to normal, the delay being proportional to the dose. 

Potentiation by IIETP of cardiac response to injected acetylcholine. In three 
cats HETP (0.4 mgm./kgm.) caused a two to four fold potentiation of the brad 3 ’- 
cardia response to injected acotjdcholine. 

Blocking action of large doses of IIETP. After large doses of IIETP (2 mgm./ 
kgm.) vagal stimulation had no eflect on the heart rate and the depressor effect 
of small doses of acetylcholine (0.1 mgm.) was abolished. With large doses of 
acetylcholine (2 mgna.) a small rise of B.P. occurred. 

Action on salivary response to chorda tympani nerve siimidalion. In three ex- 
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periments the effects of HETP on the salivary secretion induced bj’' stimulation 
of the chorda tympani at varying frequencies was studied (fig. 4). 

After HETP (0.85 mgm./kgm. in divided doses) the rate of secretion in re- 
sponse to stimulation at frequencies below 10 C5m./sec. was increased about 
threefold. With higher frequencies of stimulation secretion continued after 
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Fig. 1. Effect of HETP on Response to Stimulation of Peripheral End of Vagus 

Nerve 

Cat, 3.8 kgm., chloralose. Vagi cut. 

Record of carotid arterial blood' pressure. Scale in mm. Hg. 

(a) Control stimulation of left vagus for 5 sec. at frequencies of 50, 25, 10, 4, 2 and 1 
eye ./sec. 

(b) Stimulation at above frequencies after intravenous injection of 2 mgm. HETP in 
divided doses. (2 injections of 1 mgm. at 30 min. interval). 

Time in 5 sec. 

cessation of stimulation. The higher the frequency of stimulation the greater 
was the volume of this after-secretion. Larger doses of HETP produced a pro- 
fuse spontaneous secretion. In another experiment (also with the chorda tym- 
pani cut) 0.4 mgm./kgm. of TEPP produced a continuous profuse secretion. 
Stimulation of the peripheral cut end of the chorda tympani produced no further 
increase in secretion. This might have been due to the fact that maximal secre- 
tory activity had already been induced bj*^ TEPP alone. 




CON raou $TtMULATION 
C5 ((CJ 



ria.2. Kb FI ctof1I!*TP on C\ni>rAC SubWiNo PnoDitro nii Stimiiatiov of J’rnnncnAL 
Ksi» Ob Vaoi’s Xnuj 
Cat, 3 C kpn., cliloralosc. Vagi cut. 

llecord of carotid nrtcrjnl blood pressure. Sc.de in mm. Jig 
(a) Control stimulation for 5 see. at frequency of 25 c\c./s(*c 

(ii) SlimuKtion as in (a) after intratcnous injection of 2 mgm. IIKTP In divided doses 
(2 inject ion** of 1 mgm at 30 min. Inler\*al). 

Time in 5 see. 



0 5 10 15 20 25 30 

SECONDS 


Fio 3. Potentiation dv HETP or Effect on Hfaiit Rate of Stimulation of 
PER irnEHAL End op Vagus Xer\e 

Ordinate P-P interval, i.e. interval between successive heart beats, in sec. 

Abscissa Time in see. 

Period of stimulation indicated by vertical broken lines. — O O — Control stimula- 
tion for 5 see. at 25 cjc./sec — X X— after I mgm. IIETP. — • •—after 2 mem. 

HETP 
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Actions on intestinal movements. The actions of HETP on the small intestine 
and colon were studied in three experiments (fig. 5) . Injection of 0.5 mgm./kgm. 
HETP produced peristaltic intestinal rushes and continuous colonic contractions. 
Action on the bladder. HETP reduces the distending volume necessary to 


CONTROL STIMULATION 
30 Sec. 





HETP 
3-5 m9- 



Fig. 4. Effect op HETP on Salivary Response to Stimulation of Chorda Tympani 

Nerve 

Cat, 4.1 kgm.j chloralose. . 

Record of salivary secretion by Gaddum drop recorder connected to cannula in sub- 
maxillary duct. 

(a) Control stimulation of chorda tympani nerve for 30 sec. at frequencies of 10 cyc./sec. 

and 50 cj'c./sec. .... t , 

(b) After intravenous injection of 3.6 mgm. HETP in divided doses (initial dose of 1 
mgm. followed bj' 5 injections of 0.5 mgm. at 10 min. intervals). Stimulation of chorda 
tympani at 10 cyc./sec. and 50 cyc./sec. 

Time in 5 sec. 

excite the micturition reflex. This effect on the cystometrogram in a typical 
experiment is shown in fig. 6. 

Effect on the pupil. Instillation of 1 per cent HETP or TEPP into the con- 
junctival sac produced marked pupillary constriction within a few minutes 
(fig. 7). The pupil returned to noimal in 24 hours. 

Action on nictitating membrane response to cervical sympathetic nerve shmulation. 
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This respon'^c A\as investigated in four eats. Fig. S sho\\s the effect, of TEPP 
the nictitating membrane contiaction to .stimulation of the cer\ieal S37npathetic 
at various fieqiicncics in the atropinised cat. After injection of 2 mgm./kgm. 
TEPP the efTect of stimulation at 1 cye./bcc. ami 2 eye. /sec. was equal to that 
obtained vith control stimulation at five time'? these frequencies. 



Tie 5 Efjfct oi IIETP os Costractioss or Smvh. \m> Laiu.f. IsTtSTrsF 

Cat 3 7 kgm., chloralosc 

Balloons in jejunum and colon comiecicd to water nmnoincters and \ol recorders. 

Upper record from colon Lower rcconi from jejunum 

(a) Control 

(li) EfTect of intravenous injection of 0 5 rngm IIETP Between (a) and (b) 2 5 mgm. 
IIETP were injected in 3 doses of 1 inum , 1 mpm , niidO 5 mum at 5 min internals 

Time in 5 sec 

Action of TEPP on ganglionic rchponscs to acetylcholine. The action of TEPP 
on the ganglionic effects of acetylcholine was studied on tlie nictitating mem- 
brane and the pressor response in atropimsod cats Fig. 9 shows the potentia- 
tion of the'^e respon^-es 1)}' 4 mgm and 8 mgm, of TEPP. 

B Action on isolated organ preparations, Pabbit Heart. Tlic potentiation 
by TEPP of the action of acetylcholine on the perfused isolated rabbit heart is 
illustrated m fig 10 After 40 microgm. of TEPP the inhibitory effect of 0.4 
microgm. of acetylcholine was gieatcr and more prolonged than the effect of 4 
microgm. acetylcholine before TEPP. 

The smallest potentiating dose of TEPP was 4 microgm.; large doses (100- 
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Fig. 6. Effect of HETP on Response of Bladder to Distention 

Cat, 3.8 kgm., chloralose. 

Record of pressure in bladder by cannula inserted through urethra and connected to 
water manometer and vol. recorder. 

(a) Control cj-stometrogram. At each signal 3 cc. of water introduced into bladder in 

5 sec. _ . . -j , j 

(b) Cystometrogram after intravenous injection of 3.5 mgm. HETP in divided_doses 
(initial injection of 1 mgm. followed after 60 min. by 5 injections of 0.5 mgm. at 15 min. 
intervals). 

Calibration cm. water pressure. 

Time in 5 sec. 


Wi nt 




Fig. 7. Miotic Effect of HETP 

Photograph 30 min. after instillation of one drop of 1 per cent HETP into conjunctival 
sac of cat’s right eye. 

500 micTOgm.) had a marked direct inhibitory action on rate and force of cardiac 
contraction. 

2. Isolated Intestine Experiments. Eabbif dnodennm. HETP in a concen ra 
tion of 5 X 10~“ increased the tone and the amplitude of contractions an 
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Tic }) I ^^^CT o» TI PP on lU-'towi or NicTiTArisr MrxtniuNf to STMttL\TJov or 

CtliriCM Ss\JI\THfTK NrElVl 

C'lt, 1 0 Ivijm , clilonloM , ntrnpun' (2 niKin ) 

Kocord of contrittiori of nictu itmt: jih inhr me SctIc hi <m 

(a) Control Htjmul itum of cc^^ Jtnl sMupitlu Ijc for 15 pi c »t frcqucncjcs of 1, 2, 5 and 
10 C 3 c 'see 

(») After intra\< nous iiijecuon of S jnem 'I I PI* guen in two dost s of 1 mem each at 
15 min intcr\ i! Pocords taken 2 mm ifter ’JtcomJ jnjt < lion Stimulation of cervical 
6Mnpatliptic foi 15 sec it I tn<l2c\c/spc 



I ro 9 I FFi Cl or TJ^PP on Ganolionic ItrsiONsi s to iNJnrrrn AoTiLCnoiiNF 

Cvt, -1 0 kgm , cliloialosc, atropine (4 nigin) 

Upper record contraction of nictit sting membrane Seale in cm 

Lower record carotid urtcrnl blooil pressmo Seale m inm Ilg 

(a) ‘ ’ line in 3 see 

(b) I mgm given 20 min 

before of 10 mgm acetjl 

choline m 6 sec 

(c) Two min after a further injection of 1 rogm TEPP At signal injection of 10 mgm 
acetylcholine m 3 sec 
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markedly potentiated the response of the rabbit duodenum to acetylcholine. 
This effect was annulled by atropine (fig. 11). 



Fig. 10. Effect of TEPP on Perfused Rabbit Heart 


Langendorff perfusion of rabbit heart. 

(a) Control effect of O.-l microgm. and 4 microgm. acetylcholine. 

(b) After 40 microgm. TEPP. Effect of 0.4 microgm. acetylcholine. 


,/1 



Fig. 11. Effects of HETP on Contractions of Isolated Rabbit Duodenu.m and Re- 

sroNSE TO .Acetylcholine 

(a) Control effect of acetylcholine in concentrations of 1.2 X 10'’ to 2.5 X 10"*. 

(b) Effect of HETP (5 X ‘lO"’) followed by 1.2 X 10~» acetylcholine and after an interval 
of 5 min. 2.5 X 10"" acetylcholine. 

(c) Continuation of HETP effect. .Action of atropine (5 X 10"^). 

Gitviea pig ileum. The potentiation of the action of acetylcholine on guinea 
pig ileum is illustrated graphicallj' in fig. 12. The curves show the effect of 
varying concentrations of TEPP on the height of contraction produced bj 
different amounts of acetylcholine. If the amount of acetylcholine required to 
produce a contraction of 50 mm. is used as a basis for comparison, the extent of 
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potentiation produced b\ TEPP js — 

1 times a concentration of 2 5 X 10“® TEPP 

45 “ “ “ 5 X 10-8 » 

200 “ “ “ 5 X 10-’ “ 

Ihis potentiation is demonstrated m fig 13 ■ubcrc tlie logarithms of the po- 

tentiation figure*? are plotteil against the concentration of the drug In this 
figure are also included data for tnethjlorthophosphato mIiicIi is obaiouslj much 
less potent than TEPP 



Tir 12 LfFICT of TCI’P on TIII RfSPONKF of GlINLA PlO iLEUil to VctTTLCHOLINB 
Ordinate height of contriction in mm 
* ' j Icholnie f 

• • 

— O O— 5 X I0-* TCPP 

— B ■— 5 X TLVr 

Action on niammahan ncricinmclc preparation The tension of muscular 
contraction of the lat phrenic ncr\c diaphragm preparation -was jncrea«:cd GO- 
100 per cent bv TEPP m doses of 0 1-1 0 microgm With larger do^es, e g 
10 microgm ^the increase m tension Mas followed b} a rapid decrease 
Aniicurarc action Eig 14 shows the antagonistic action of TEPP towards the 
neuromuscular blocking action of d-tubocuranne Cl 

Vroq Rectus \hdominis preparation HETP and DFP were compared with 
respect to direct action, and potentiation of acetjlchohne effect, on the fiog rec- 
tus abdominis preparation Fig 15 shows potentiation of the action of acet}!- 



Fig. 13. Gr.\phs Rei..\tikg the Concextratiok of TEPP and Triethylorthophosphate 
TO their Potentiatia'g Effect ox the Respoxse of the I.soe.ated Guixe.a Pig Ilevm 

TO Acetyi-cholixe 

Ordinate; log. potentiation. 

Abscissa; Concentration of potentiating drug. 

— O O— Tetraethylpyrophosphate. 

— • •— Triethylorthophosphate. 
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Fig. 14. Anticurare Effect of TEPP 

Rat phrenic nerve diaphragm preparation. Vol. of bath 40 cc. Supramaximal stimula 
tion at 6/min. Pulse width, 0.5 m.sec. 

Effect of (1) 20 microgm. d-tubocurarine chloride (d-Tub.) 

(2) 10 microgm. TEPP. 

(3) 20 microgm. d-tubocurarine chloride. 
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choline by difTorent concentrations of HE'JT. The full curve of DFP action 
could not ho recorded owinjc to the appearance of a direct stimulation of the 
muscle in a concentration of 10“*. This stimulation was probably due to the 
acid reaction of the DFP solution. It should he emphasized that the po- 
tentiation of acetj'lcholinc action was smaller when IIETP was still in contact 
with the muscle at tlic time of ncetyleholiiic application. The potentiation was 
greatest iifter two to throe washings. 



Fin. 15. Graphs Ki:i.ATiNn thk Co^•Cl:^•TnATION of IIKTP and DFP to Titeir Potestiat- 
ixn Ffkectos the Uksponre or Fnon l{i:<rrrs .^bdomi.ms Mcscle to .Acetylcholine 
Ordinate- Potentiation of response to ncef ylcljolino. 

-•\l><!cissa: Concentration of noteiilintiiii' itriic. 

_0 O- IIETP. 

O O OFP. 

Discussion. Dubois and Mnngun (4) and Mangiin (5) have shown that m 
vitro both HETP and TEPP arc powerful anticholinesterases. These com- 
pounds, like eserine, would he c.xpectcd to preserve acetj’jcliolinc at cholinergic 
ner\’e endings and to produce actions similar to both the muscarinic and nico- 
tinic effects of acetylcholine (9). 

Tlie potentiation of vagal inhibition of the heart by escrine was first shown by 
Arnstcin and Sustschinsky (10) and the similar action of neostigmine has been 
recorded by Mendez and Ravin (11). "We liave found that HETP and TEPP 
produce cntircl}' similar effects and, like e.«erine and neostigmine, also potentiate 
the cardiac inhibitory cfTects of injected acetylcholine. 

The potentiation by HETP and TEPP of the salivary response to chorda 
tympani nerve stimulation was similar to that described by Beznak and Farkas 
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for eserine ( 12 ). In causing stimulation of intestinal muscle in the intact cat, 
sensitization of the isolated gut to acetylcholine, increased sensitivity of the 
bladder to distension, and constriction of the pupil on direct application to the 
ej^e, HETP and TEPP act just like eserine. These actions of the condensed 
alkylphosphates are furthermore antagonised by atropine. 

The potentiation of the frog rectus abdominis response to acet3dcholine, the 
potentiation (or inhibition in high concentrations) of the rat phrenic nerve- 
diaphragm response, and the anti-curare actions of HETP and TEPP more 
closel3’^ simulate the actions of eserine than those of DFP. 

The potentiation of the nictitating membrane response to stimulation of the 
cervical s3Tnpathetic nerve has never been easy to elicit vith eserine, but it was 
clearly shown with TEPP, which also enhanced the response of the nictitating 
membrane to injected acet3dcholine. The ganglionic action of injected acet3'l- 
choline (after atropine) in raising B.P. was also enhanced by HETP, as was the 
pressor response to central vagus stimulation. 

Qualitativel3’' the phai-macological actions of HETP and TEPP bear a close 
resemblance to those of eserine and neostigmine. The main difference is to be 
found in the duration of action which is some five to ten times greater for both 
HETP and TEPP as measured in the unanesthetised rat and in man ( 13 , 14 ). 
In potenc3’’ TEPP seems to be about equal to eserine, and HETP is about one- 
fourth as powerful. 

DFP differs from both these groups of compounds in not potentiating the 
cardio-depressor action of peripheral vagus stimulation and in producing a much 
less marked fall of blood pressure; when large doses do produce a bradycardia it 
is usually due to heart block ( 15 , 16 ). Further the effects of DFP develop 
slowl3’- and pass off ver3’' slowl3’’ indeed. It has been argued that since DFP in- 
activates cholinesterase irreversibl3', the rate of i'ecover3’' after DFP is dictated 
b3’ the rate of re-S3mthesis of cholinesterase. Brauer ( 17 ) has shown, however, 
that TEPP and HETP also produce an irreversible inactivation of cholinesterase 
and, therefore, if this h3"pothesis were true one would expect the rate of recover3' 
after all these drugs to be similar. At present no satisfactor3’^ explanation can 
be offered for this discrepanc3''. 


SUiniARY 

1 . The condensed alk3'lphosphates, hexaeth3dtetraphosphate (HETP) and 
tetraeth3dp3Tophosphate (TEPP) are powerful anticholinesterase substances 
with actions similar to, but more prolonged than, those of eserine and neostig- 
mine (Prostigmin). 

2 . In the chloralosed cat HETP ( 0 . 4 - 0.6 mgm./kgm.) produced marked brad3'- 
cardia, fall in blood pressure, marked salivar3'' and bronchial secretion, respira- 
tor3' stimulation, and increased activit3’’ of gut and bladder leading to defecation 
and micturition. Muscle fasciculations and minor comnilsive movements also 
occurred. Larger doses ( 0 . 8 - 2.0 mgm./kgm.) produced immediate violent con- 
vulsions and ver3’' profound visceral effects. Death resulted in less than one 
hour. 

3 . TEPP acted like HETP but was about four times a^" Triethvlor- 
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thopliospimto nntl soilium pyropliosplintc in flosos up to 20 mgm./kgm. produced 
no sj'slomic effects. 

4. Atropine antagonised most of the visceral actions of IlETJ’ and TEPP, but 
did not influence the central ncn'oiis or muscular effects. 

5. HETP and IfEPP sensitised the heart in the anaesthetised cat to the in- 
hibitoiy actions of vagal stimulation or injection of acetylcholine. They also 
potentiated the effect of chorda t 3 nnpani ncirc stimulation on salivary secre- 
tion. 

In atropinised cats these compoiiiids cnliaiieed the effect of cervical symiia- 
thotic nerve stimulation on the contraefion of the nictitating membrane; thej' 
also potentiated the nictitating membrane response ami the rise of blood pressure 
produced by large doses (e.g. 10 mgm.) of acetylcholine. 

0. IIETP and TEPP potentiaterl the responses to aeclj’leholine of the isolated 
perfused rabbit heart, the isolated rabbit duodenum and guinea pig ileum, and 
the frog rectus abdominis muscle. 

7. TEPP in small concentrations (e.g. 1 in 400 million to 1 in 40 million) in- 
creased the force of muscular contraction in the rat phrenic nerve-diaphragm 
preparation; 1 in 4 million w.as inhibiloiy. 'I'EPP nnlagoniscrl the paralj'sing 
effects of d-tuhocurarine Cl on this muscle. 

S. Intravenous injection of HETP or TEPl' usually produced constriction of 
the pupil, but sometimes dilatation occurred. Direct instillation of the dnigs 
into the conjunctival sac produced marked pupillaiy constriction, which pas.sed 
off in about 24 hours. 

Wo arc veo' grateful to Mr. D. Topicy for help and advice on chemical aspects 
of the condensed alkylphosphatcs, and to Mc.ssrs. Albright & Wilson for supplies 
of materials. We should like to thank Professor S. AVright for his constant 
encouragement and Mr. F. J. Haydon for technical assistance. 
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Reports of the high analgesic activity and clinical use of l-methyl-4-(3-hydro- 
xyphenyl)-4-piperidyl ethyl ketone hydrochloride (Ketobemidone, WIN 1539) 
have appeared recently in the literature (1-7). We have reported in a previous 
publication (7) that tolerance developed to the analgesic action of WIN 1539 
in rats at about the same rate as to that to morphine. In view of the importance 
of this factor in the treatment of chronic pain, it seemed advisable to determine 
the development of tolerance to the actions of WIN 1539 in another species. 

Methods. Doge were selected as the experimental animals to facilitate the study of the 
actions of the compound coincidental with the analgesic effects in comparison with mor- 
phine. Six dogs were given WIN 1539 and three were given morphine sulfate. Aqueous 
solutions of the drugs were injected subcutaneously once daily. The initial dose of both 
drugs was 1.0 mgm./kgm. and as tolerance developed to the analgesic action the dosage 
was increased. 

Analgesic action of the drugs was determined at weekly intervals by a modification of 
the Andrews and Workman method (8). The time, in seconds, necessary to elicit a muscle 
twitch was determined when a thermal stimulus of constant intensity was applied to a 
shaved, blackened area of the dog’s back. The apparatus consisted of a portable light con- 
taining a shutter which was synchronized with an electric stop clock in such a manner that 
the shutter was opened and the clock started simultaneously. At the time the muscle twitch 
was noted the shutter was released which stopped the clock. The intensity of the stimulus 
was adjusted by means of a variable voltage transformer and standardized so that the nor- 
mal reaction time was about 3.0 to 3.5 seconds. We observed that there was a large variation 
in reaction time obtained from different areas of the back. However, for any given small 
area the reaction time was constant. In order to minimize variation, the same area of the 
back was stimulated throughout each experiment. An increase in the time of exposure in 
analgesic testing greater than twice the normal exposure time will cause burning of the 
skin. For this reason, the maximum time of exposure was limited to 8 seconds and this time 
interval has been given the designation "complete analgesia”. Even though no response 
could be elicited with the thermal stimulus in complete analgesia, a strong pinch of the 
skin would elicit a muscle twitch in some cases, indicating that the degree of analgesia was 
not complete to all methods of stimulation. 

The hyperglycemic response was determined according to the method of Schales .and 
Schales (7) on four dogs receiving WIN 1539 and two dogs receiving morphine. Blood sugar 
was determined on samples taken just prior to injection of the drug and at 1, 2, 3 and 5 
hours following injection. 

Other observations made at weekly intervals following the administration of the drugs 

1 This work is part of an investigation carried out under the supervision of Dr. M. H- 
Seevers and submitted in a dissertation to the Graduate School of the University of Michi- 
gan in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 
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included heart rate, body temperature, respiration and other Bido^cffects such as sedation, 
emesis, cndonco of nausea, etc. Hematological examination was made at weekly intervals. 

Administration of the drugs v.n8 discontinued at the end of seven weeks and the ani- 
mals observ'cd for po';siblc abstinence sjTnptonifl. Test doses of the drugs uerc given at one 
and two week intervals after withdrawal in an effort to determine the degree of recovery 
from tolerance. 

Uksults. 1. Analgesia. The results obtained with WIN 1539 ore given in table 
1 . The average analgesic response was lower after 22 daily doses of 1 .0 mgm./kgni. 
than at the beginning of the drug administration, but this was due to the fact 
that only one animal gave a lower response. When the daily dose was increased 
to 5 mgm./kgm. for si.\ days, a test dose of 1 mgm.A'gm. produced a smaller 
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RcsxilU of dmhf afimtntstrntiOH o/ WIX 1639 
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• Blood sugar values were obtained from four dogs 


response than initially in all but one animal. Tlicrc was no evidence of a de- 
creased response to test doses of 5 mgm./kgm. until the daily dose had been 
increased to 20 mgm./kgm. After this dose had been given for five days the anal- 
gesic response to a 5 mgm./kgm. lest dose was decreased in two animals but 
in the other four there was complete analgesia. 

The development of tolerance to the analgesic action of morphine W'as more 
rapid than with WIN 1539. After fourteen days at a dose of 1 mgm./kgm. theie 
was definite evidence of a deercased analgesia response but a dose of 5 mgm./kgm. 
on the fifteenth da}' produced complete analgesia. Tolerance developed to this 
dose in one week in two dogs and after two weeks in the other. As the dose was 
increased tolerance developed rapidly so that on the 49tli day no analgesia w'as 
produced by doses of 40 mgm./kgm. in one dog and 80 mgm./kgm. in the other. 
One animal receiving morphine died on the 35th day of the experiment as a lesult 
of a technical accident. 
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Two weeks after withdrawal, all six dogs on WIN 1539 developed complete 
analgesia to a test dose of 1 mgm./kgm. The two dogs in the morphine gi-oup re- 
covered from tolerance by the second week to the extent that complete analgesia 
was obtained with doses of 5 mgm./kgm. in one dog and 10 mgm./kgm. in the 
other. 

2. Heart Rate. The average pre-injection heart rate of the WIN 1539 group was 
slightly greater at the end of dmg administration than at the beginning. As 
the dose of the drag was increased the degree of bradycardia following drag in- 
jection became greater. This indicates no tolerance developed to this action of 
the drug. I^Oien the animals were tested with a 1.0 mgm./kgm. dose on the first 
and second week following withdrawal of the drug the pre-injection heart rate 
and the percentage decrease following the injection of the drug were essentially 
the same as at the beginning of the experiment. 

The pre-injection heart rate of one dog receiving morphine had increased at 
the end of four weeks but it was no greater in the other two animals at the end of 
seven weeks of morphine administration than at the beginning. There was no 
significant change in the bradycardia which followed injection of the drag during 
daily administration. 

3. Body Temperature. There was no appreciable change in the pre-injection 
rectal temperatures during the course of the experiment. The post-injection 
hypothermia produced by WIN 1539 increased slightly with the increase in 
dosage. We interpret this as an indication that no tolerance developed to this 
action of the drag. 

There was an indication that tolerance developed to this action of morphine 
in one dog inasmuch as the decrease in body temperature became less as the daily 
administration was continued and the dose increased. 

Jf^. Hyperglycemia. There was no significant change in the average pre-injection 
blood sugar level during the course of the experiment. Tolerance developed to 
the hyperglycemic action of WIN 1539. A slight decrease in the hyperglycemia 
following the injection of the drag was observed after three weeks of daily ad- 
ministration of 1 mgm./kgm. When the dose was increased to 5 mgm./kgm./day 
for six days, a test dose of 1 mgm./kgm. on the following day caused no increase 
in blood sugar. There was evidence of tolerance to a test dose of 5 mgm./kgm. 
by the end of seven weeks. 

One dog receiving morphine was found to have developed a tolerance to the 
hyperglycemic action of this drag by the third week. The other animal showed no 
hyperglycemic response to morphine at any time during the experiment. It may 
be assumed that this animal developed a tolerance during the administration of 
small doses since a hyperglycemia would be expected from the larger doses used 
here. 

5. Hematology. There were no significant changes in hemoglobin concentration, 
hematocrit, red cell count or white cell count during the administration of these 
analgesic drags or following their withdrawal. 

6. Respiration. The effect of the analgesic drugs on respiration was not de- 
termined quantitatively because of the many factors which influence this action. 
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One consistent observation with both drugs, however, was an increase in respira- 
lorj' rate which appeared hve to fifteen minutes following injection of the drugs. 
This increase, which was so great that tlie dogs panted for several minutes, was 
followed by a marked decrease in rate which appeared to be associated with the 
degree of .sedation produced by the drug. We obscr\*cd no marked change in these 
rc.spon.scs during the time of dailj' drug administration. 

7, Other Side Effects. Both drugs produced a marked sedation. However, it 
was not of sucli a degree ns to bo classed as narcosis. The animals were drowsy 
and quiet but could be aroused casili' by a sharp noise. This action appeared 
within about 30 minutes after the injection of the drugs. The development of 
tolerance to this effect was evidenced by a decrease in the duration of action wth 
continued daily administration of the drugs. 

Vomiting occurred infrequently with morphine and was not obser\Td in any 
of the dogs receiving WIN 1539. 

A conditioned salivary rcspon.se characterized by salivation preceding in- 
jection of the drugs nppe.ared during the second week of the experiment. The 
flow of saliva increased after the injection of the drugs but usually ceased about 
an hour aftcr*wards. Occasional!}* a slight rhinorrhea was obscn’cd to follow in- 
jection. 

8. Body u'cighi. Of the dogs receiving WIN 1539, three gained and the 
other three lost weight, whereas all of tlic dogs on morphine lost wciglit. l.l\o 
lo.ss in weight was apparently due to a decreased intake of food inasmucli as the 
animals which lost weight refused to cat their regular rations. For this mason they 
were given supplemental feedings of milk and raw meat. Two of the dogs receiving 
morphine became constipated but there was no evkicnce of constipation in an}* of 
the animals receiving WIN 1539. 

0. Wiihdratcal Symptoms. After the administration of analgesic dnigs was dis- 
continued, the animals were obscr\'cd for abstinence sjTnptoms. Tlic average 
heart rate of the WIN 1539 group was only slightly higher 24 liours after with- 
drawal than on the d.ay of withdrawal. The dogs receiving morphine had an in- 
creased heart rate which reached its maximum 48 liours following withdrawal. 
Twenty-four hours after withdrawal of WIN 1539 there was a slight increase in 
the average blood sugar level, but at 48 hours it wa.s practically normal. We ob- 
seiw'cd no pjTexiu following witlidraw’al of the drugs. The most noticeable re- 
action seen was that of excitability. The animals appcarotl quite restless and 
whined and barked. They also evidenced a desire for attention. These reactions 
were most marked during the first day after withdraw’ul, and by the end of a 
week the animals appeared to be normal. 

Discussion. From a practical standpoint, tlio most important considera- 
tion in the chronic administration of analgesic diugs is the development of 
tolerance to the pain-relieving action. Tolerance to other actions is variable both 
in degree and rate of development. Morphine tolerance in tlie dog has been 
studied by many investigators and there are a few reports describing the develop- 
ment of tolerance to some of the new'cr .sj'ntliDtjc drugs. Scott cl al. (10) obsen*ed 
that tolerance developed to the analgesic action of metlmdone and Wikler and 
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Two weeks after -withdrawal, all six dogs on WIN 1539 developed complete 
analgesia to a test dose of 1 mgm./kgm. The two dogs in the morphine gi-oup re- 
covered from tolerance by the second week to the extent that complete analgesia 
was obtained vdth doses of 5 mgm./kgm. in one dog and 10 mgm./kgm. in the 
other. 

2. Heart Rate. The average pre-injection heart rate of the WIN 1539 group was 
slightly greater at the end of drag administration than at the beginning. As 
the dose of the drug was increased the degree of bradycardia following drug in- 
jection became greater. This indicates no tolerance developed to this action of 
the drag. When the animals were tested with a 1.0 mgm./kgm. dose on the first 
and second week following withdrawal of the drag the pre-injection heart rate 
and the percentage decrease following the injection of the drug were essentially 
the same as at the beginning of the experiment. 

The pre-injection heart rate of one dog receiving morphine had increased at 
the end of four weeks but it was no greater in the other two animals at the end of 
seven weeks of morphine administration than at the beginning. There was no 
significant change in the bradycardia ivhich followed injection of the drug during 
daily administration. 

3. Body Temperature. There was no appreciable change in the pre-injection 
rectal temperatures during the course of the experiment. The post-injection 
hypothermia produced by WIN 1539 increased slightly -ivith the increase in 
dosage. We interpret this as an indication that no tolerance developed to this 
action of the drug. 

There was an indication that tolerance developed to this action of morphine 
in one dog inasmuch as the decrease in body temperature became less as the daily 
administration was continued and the dose increased. 

4. Hyperglycemia. There was no significant change in the average pre-injection 
blood sugar level during the course of the experiment. Tolerance developed to 
the hyperglycemic action of WIN 1539. A slight decrease in the h 3 T)erglycemia 
following the injection of the drag was observed after three weeks of daily ad- 
ministration of 1 mgm./kgm. When the dose was increased to 5 mgm./kgm./day 
for six days, a test dose of 1 mgm./kgm. on the following day caused no increase 
in blood sugar. There was evidence of tolerance to a test dose of 5 mgm./kgm. 
by the end of seven weeks. 

One dog receiving morphine was found to have developed a tolerance to the 
hyperglycemic action of this drug by the third week. The other animal showed no 
h 3 T)erglycemic response to morphine at any time during the experiment. It may 
be assumed that this animal developed a tolerance during the administration of 
small doses since a hyperglycemia wmuld be expected from the larger doses used 
here. 

5. Hematology. There w'ere no significant changes in hemoglobin concentration, 
hematocrit, red cell count or -white cell count during the administration of these 
analgesic drags or follow'ing their wnthdraival. 

6. Respiration. The effect of the analgesic drugs on respiration was not de- 
termined quantitatively because of the many factors which influence this action. 



TOLERANCE TO A NEW ANALGESIC 


416 


Dr. E. W. McChcsnoy, Dr. F. C. Goble, Mr. J. D. Frick and Miss B. L. Dertinger 
for their assistance in this work. 


REFERENCES 

1. Kxeiderer, E. C., Rice, J. B., Conquest, V., and Wiluams, J. n.: Report No. OSD 

Office of the Publication Board, Department of Commerce, Washington, D. C. 

2. Scott, C. C,, Korlstaedt, K. Q., and Coen, K, K.: Current Res. Ancsth. and Analg., 

2G: 12, 1047. 

3. ICiRcnnor, A. C.; Fed, Proo., 7: 231, 1048. 

4. Lwd, C. j.: Am. J. Obst. and Oyn,, 65: 1007, 10-48. 

5. CArrEN, R. L., Epstein, II. J., and Krementz, C. S.: Tins Joutinal, 04: 32S, 1018. 

C. Miller, L. C.: Ann. N. Y. Acad. Sci., 61: 34, 1048. 

7. Lewis, J. R.: Tina Journal, 90: 31, 1019. 

8. ANDREWa, n. L., and WoRKitAN, \V.:Tina Journal, 73: 99, 1941. 

O.iSciiALES, O., AND ScHALES, S. 8.: Arch. Biochem., 8: 285, 1945. 

10. Scott, C. C., Chen, K, K., Korlstaedt, K. Q., Robdins, E. B., and Israel, F. W.: 

Tma Journal, 01: 147, 1947. 

11. WiELER, A., AND Frank, K.: Fed. Proc., 6:3S1, 1017. 

12. Isbell, H., Wikler, A., Eddt, N. B., Wilson, J. L., and Moran, C. F.: J. A, M. A., 

135: 8S8, 1917. 

13. Finnegan, J. K., Haao, II. B., Larson, P, S., and Dretpuss, M. L.: This Journal, 

92:209, 1013. 



THE PHAEMACOLOGY OF THIOCYANOBENZOIC ACIDS 

SALAH A. A. TAWAB, C. JELLEFF CARR and JOHN C. KRANTZ, JR. 

Deparlmcnt of Pharmacology, School of Medicine, University of 
Maryland, Baltimore, Maryland 

Received for publication May 16, 1949 

Claude Bernard demonstrated the depressant action of the thiocyanate ion on 
the myocardium in 1857. Pauli (1) introduced the allcali thiocyanates into medi- 
cine as vasodilators in 1903. The use of simple routine methods to estimate the 
thiocyanate content of the blood was instrumental in creating renewed interest 
in thiocyanate therapy in hypertension (2). The success with thiocyanates in the 
treatment of hypertension has been the subject of much controversy. Their value 
in hjrpertension appears to be limited. 

Taubman (3) studied pharmacologically a nuniber of organic thiocyanates in 
1930. Many aliphatic thiocyanates, such as methyl, ethyl and propyl, were 
studied on a small number of rabbits. Taubman observed tliat the aliphatic 
thiocyanates in general produced a pharmacologic syndrome consisting of con- 
milsions, fall in bodj' temperature and centric respiratorj’- stimulation. Popov (4) 
showed that in general, aryl thiocyanates were less to.xic than the alkyl com- 
pounds. Taubman studied para-thiocyanoaniline and observed blood changes in 
animals similar to those produced by aniline. 

Through the kindness of Dr. W. H. HilU a large number of aryl thiocyanates 
were made available to us for study. Among these compounds, para-thiocyano- 
phenol appeared to be the most active on the circulation. Owing to the irritating 
properties of the compound on the skin and mucous membranes, and the inherent 
to.\icity of phenol, we suggested the sjmtbesis of the corresponding benzoic acid 
derivative. Accordingly, meta- and para-thiocyanobenzoic acids were synthe- 
sized. Each is a gi-ayish-white powder, relatively insoluble in water, but easily 
made soluble by the addition of a mole of sodium bicarbonate. Our experimental 
studies were conducted with the sodium salts of these two isomeric thiocyano- 
benzoic acids. 

Blood pressure studies — dogs and rabbits. The blood pressure studies were con- 
ducted on animals under ether anesthesia. Carotid artery blood pressure was 
recorded and injections of the various compounds were made into the saphenous 
vein. One per cent solutions of the sodium salts of the meta- and para-thiocyano- 
benzoic acids were injected on the basis of 0.5 to 1 cc./kgm. Eight dogs and four 
rabbits were used in the study of the meta compound and ten dogs were em- 
ployed in the study of the para compound. The injections caused a prompt fall 
in blood pressure which extended approximately fifteen minutes. The potencies 
of the two isomers were found to be the same. 

A typical response compared \vith the action of sodium thiocyanate is shown in 
figure 1. 

' Administrative Fellow, Mellon Institute of Industrial Research, Koppers Company, 
Inc., Pittsburgh, Pa. 


416 



Tirioc^ worn N70IC vcid> 


417 


An examination of the figure rcxe^ls the (lepie'^^or potency of the arj'l thio- 
cyanate compared ^\lth the tinoexannte ion In manx compaiatixe studies on 
dogs, it appear^ that the thiocyanate ion is approximately Vir potent as tlie 
thiocyanate radical m thiocxanolienzoit acid when cakulatcd on a molar basis 
An eximinatinn of the tracing in figure 1 shows that the depiessoi response 
elicited hy thiocjanohcnzoic acid is nicomp iiiicd bv an iiurcase in (he amplitude 
of respiration 

At the peiK of the (fleet produced hy (hiocxnnohcnzoic acid, the blood ionic 
tluoixanate le\el was not increased It appeirs, therefore, that this dopiessor 
response is elicited hj (he intact molecule The depressor action x\ab not afrcc^ted 



Fin 1 KtTcct of m Tlijoc\juiobc«zoic Acid nnd Scntuim Tliioc>tnilc on the Blood 
Pressure of the Dor (female, CG Kpin ether anesthc'in, intnuenous injections, normal 
blood pressure 17J mm Hr) 

a 2 cc /hpm 2 per cent solution of sodium thiocyanate b 0 5 cc /kfini 0 5 per cent 
solution of sodium m tluocianobenzoiie c After 4 minutes d After IG minutes e After 
21 minutes 

by the atropimzation of the animal Neither tetraethj lammomum chloride 
(Etamon) nor dihcnz^l-/? chloroctlix lamine (Dibenamino) obhteiatcd the fall m 
blood pre'J'suie piodiiccd by thiocvanobciizoic acid In four dogs, thiocvano- 
bcnzoic acid elicited its typical rc«poii<?c aftci the destruction of the brain 
Therefore the depiessoi response pioduccd by thiocxanobenzoie acid is not 
ncmogcnic in clmiactcr The locus of action was sought on the va'?culai smooth 
musculature or the heart 

Electrocardiographic studies on six dogs bcfoie and after the injection of 
thiocj anobenzoic acid ic\ ealed that the compound produced changes m the late, 
form and legularitj of the electrocardiogiam The most constant finding was a 
marked accentuation of the T-waxe This is illustiated in figine 2 

It IS of interest that the maikcd accentuation of the T-w ax o w as also the most 
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prominent feature of the electrocardiogram of the dogs fed the compound re- 
peatedly (200 mgm. daily) over a period of 30 days. 

Perfused leg vessels of the frog. The effect of thiocyanobenzoic acid upon the per- 
fused legvessels of the frog was studied in ten frogs by the Trendelenberg technic. 
Perfusion was conducted with a 1 ; 1000 concentration of the sodium salt of para- 
thiocyanobenzoic acid in Howell-Ringer’s solution. Twenty measurements of 



Fig. 2A 



Fig 2B 

Fig. 2. Electrocardiograms of Dog. Lead II. 

a. Before injection, b. Immediately after thiocyanobenzoic acid. 


rate of flow were made on the ten frogs. There was invariably evidence of dilata- 
tion; the mean increase was 1 1 .3 per cent. This action was not shared by the thio- 
cyanate ion. 

Action on smooth nmscle. The action of the thiocj'’anobenzoic acids was studied 
in six experiments on the smooth musculature of the rabbit’s intestine and the 
rat’s uterus in vitro. The addition of 2 mgm. of para-thiocyanobenzoie acid to 30 
cc. of the bath depressed promptly the frequency and amplitude of contractions. 
This action was not shared by the thioc 3 ’-anate ion, as shorni in figure 3. 


Tinoc\ worn N70ir ^cms 


no 


on cardiac output oj frog In right expcumonts of (nidmL poi fusion of the 
frog’s lie'll t m situ (Sollman <uul Bulow, 102(0 pir.i tlnoc>nnobonzoic acid m is 
found to icdutc the cudiac rate and amplitude of lontiaction Tiie aNeiage do 
croi^e incaidiu output puKluced hvperftising a 1 jOO «:olutK)n of tlio tlnoc^ano 
compound was SS per cent 

1cm/( locicitij {White Rat) Aeute to\Ki (3 dtloimmations weic (anred out 
on tlio white lat h\ mtr\ppntoneal injcitiou «md oial admmistiation 'ihese 
d it i wore compared with tlic tOMCit} of •'Odium thlOL^ arnte Fatal doses of the 
meta and p un-thiocianohenzoir noida piodiited In ptiimt d)iht 3 , In ptirene\i i, 
tremors and short toinulsnc soinncs '1 Ins sMidromc w is followed rapid]} h\ 



Fio 3 ElTc'cl of p Thioe}}inol»oiizoic AchI on llio Isol itcd It'll 's Uterus 

weakness of the legs ind c\trcmc flaccidit} Theanimnlsdiodof icspiratoi} failui'C 
The hcaittontinucd to heat for some time iftci the ce-s ition of respiration Fatal 
doses killed withm SOmimitos One hundred aiidoiglit nnim ds were used and the 
LDso was determined bj Tre\an’s method 
For meta thioc}anobenzoic acid )>} intrapcritoneal injection the LDeo was 
found tobc 17 mgm Agm , S E = =fc 1 3 mgm For the pai a compound the LDgo 
was 22 mgm Agm , S E = =t 1 9 mgm For sodium tInoc}anate the LDjo was 
found to be olO mgm Agm , S C = 42 5 mgm By oral adminiatration the 

EDso for the paia compound was 83 mgm Agm , S E = =fc 8 1 mgm , and for 
the meta dorn atn c 73 mgm Agm , S E — =fc 5 7 mgm 
effect on cytochrome oxidase and reductase A su^jpension of rit’s hram brei 
supplied the cjtochromcs for these c\pcnn\ents Quantities of 2 mgm pci o cc 
of reaction mixture of cither meta- or paia thioc} anobcnzoic acid mactnated 
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cytochrome oxidase, as shown by the Nadi reaction. Neither 2 nor 5 mgm. of so- 
dium thiocyanate interfered with the oxidase activity. Five experiments were con- 
ducted. 

Cytochrome reductase action was determined by the Thunberg method. 
Quantities of 1 mgm. per cc. of reaction mixture of either of the isomeric benzoic 
acids prevented the decolorization of methylene blue solution. The same quantity 
of sodium thiocyanate produced no significant effect. Ten experiments were con- 
ducted. 

Fate in the body. It was considered of interest to deteimine whether or not body 
tissues were capable of converting these arjd thiocyanates into thiocyanate ions. 
The undecomposed molecules of the thioc 3 'anobenzoic acids do not react with 
ferric salts to produce the characteristic color of ferric thiocyanate. Hence the 
usual clinical methods for the determination of the thiocjmnate ion content of 
blood were applicable to these studies. 

Fifteen rats and four dogs were given oral doses of either para- or meta-thio- 
cyanobenzoic acid on a basis of 20 mgra./kgm. The thiocjmnate ion made its 
appearance slowl}’" in the blood. Concentrations of 2 mgm. per cent occurred in 
each species in approximately six hours. A peak of 4 mgm. per cent was reached in 
ten to fifteen hours, and the diminution of this blood value proceeded slowly for 
several days. 

It is apparent that tissues are capable of hj-'drolj^zing the compounds into thio- 
ej^nate ions and benzoic acid. It is assumed that the latter compound follows its 
usual course of excretion. 

Chronic feeding studies. Two dogs, 6 to 8 kgm., were given 200 mgm. of para- 
thiocyanobenzoic acid daily bj’’ mouth for a period of 30 days. The compound 
stimulated prompt bowel evacuation at first, after which tolerance was acquired. 
The animals maintained their body weights and showed no visceral damage at 
the end of the feeding period. Electrocardiograms taken at the end of the feeding.^ 
period revealed a strongly accentuated T-wave. At the end of this period, the 
animals were sacrificed and the viscera were examined histologically. Thej^ were 
all normal except the thjwoid gland, which showed hyperplasia. 

Discussion. The thicej-'anate radical attached to the phenyl group as it 
appears in the thiocimnobenzoic acids studied is a potent depressor agent. 
The thiocyanate radical, as present in this compound, upon intravenous in- 
jection in the dog is approximately 70 times more potent than the thiocj^anate 
ion. The action is apparently due to the intact molecule and is produced bj^ 
cardiac slowing and peripheral vasodilatation. The toxicity of the thioc 3 ^anoben- 
zoic acids is far greater than that of the alkali thioc 3 ''anates. These organic thio- 
cyanates interfere with the activit3’^ of C3’-tochrome oxidase and reductase, which 
action is not shared by like concentrations of sodium thioc 3 mnate. 

SUJiaiART 

Meta- and para-thioc 3 "anobenzoic acids have been studied and compared 
with the action of alkali thiocyanates. Depressor potenc 3 ’- is greatly enhanced by 
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the conversion of ionic thiocyanate into an arj'l thiocyanate substitution com- 
pound, 
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While several groups of compounds are known which are able to annul the 
vasopressor action of epinephrine, no substance has hitherto been found capable 
of inhibiting its cardioaccelerator action. Among the veratrum alkaloids there 
are pure, crystalline compounds which possess the ability to prevent or abolish 
the cardioaccelerator (or positive chronotropic) action caused by epinephrine. 
The following is a description of the phenomenon as observed with veratramine. 

Veratramine, C27H39O2N, was isolated by Saito (1) from the Japanese Vera- 
trum grandiflorum Loes fil; it was found by Jacobs and Craig (2) in the American 
Veratrum viride, Aiton. Professor Walter A. Jacobs of the Rockefeller Institute 
of Medical Research made the veratramine available for the present pharma- 
cological investigation. 

Methods. Experiments on the isolated heart were conducted in 22 heart-lung prepa- 
rations of the dog (HLP). The method used was described elsewhere in detail (3, 4). The 
dogs weighed between 7 and 14.1 kgm. Total blood volume was between 600 and 900 cc. at 
the beginning of the experiments. Cardioacceleration was produced by epinephrine inieotion 
in single doses in a few cases; in most cases, continuous infusions were made with an auto- 
matically driven syringe (5) delivering between 1 and 100 miorogm. of epinephrine per 
minute. Epinephrine bitartrate' was administered, as a rule in concentrations of 1:5000 or 
1:10000 (except in a few cases in which i: 100000 was used) in 0.9 per cent sodium chloride 
solution. All doses refer to the synthetic 1-epinephrine base. 

Experiments with the circulation intact were conducted in four dogs, weighing between 
8.5 and 14 kgm., under pentobarbital (35 mgm. per kgm.) or Dial-urethane, containing per 
CO. 0.1 gm. diallylbarbituric acid, 0.4 gm. urethane, and 0.4 gm. monoethylurea in water 
(0.7 cc. per kgm.) anesthesia; and in eight cats, weighing between 1.7 and 3.0 kgm. Tw'O of 
the cats were spinal and three were completely pithed preparations. Decerebration and 
destruction of the medulla were carried out by entering the fourth ventricle through the 
atlanto-oocipital membrane. In the intact cats pentobarbital or Dial-urethane was used as 
general anesthetic. Blood pressure was recorded from the carotid or femoral artery with 
a mercury manometer. Epinephrine was given by continuous infusion into the external 
jujular vein; concentrations were, as a rule, 1:2000 or 1:5000 in 0.9 per cent sodium 
chloride solution. 

Heart rates in all experiments were counted from permanent electrocardiographic re- 
cords obtained with a Grass ink-writing oscillograph. 

The sample of veratramine used had a rotation of = —69.0° (c = 0.98 in methanol). 

It melted at 204-207° C. after preliminary sintering (2). The veratramine base was brought 
into solution withO.2 cc. of N/IQ hydrochloric acid for every 5mgm. of the alkaloid and made 
up to a concentration of 1:1000 with distilled water. Such solutions (pH 4-5) were kept at 
room temperature (approximately 25° C.) for up to one month and showed no decrease or 
change in activity. Alt veratramine doses refer to the base. 

' Epinephrine bitartrate generously supplied by Winthrop Chemical Company, Inc. 

422 



BTCDIES OX VEBATROM ALKALOIDS. VIll 


423 


Atropine ivns ndininistcred in tlie form of tlie suifatc in n concentration of 1 per cent in 
0.9 per cent Bodium chloride soiution. All doses refer to atropine sulfate. 

IlceuJts. 1. The cardioaccdcralor aclion of epinephrine in the isolated heart. Wlien 
cpincplirinc is atlministcrcd continuously at a rate of 3-10 microgm. per minute 
in the HLP of the dog, the lieart rate increases from the normal rate of the de- 
nervated heart to a steady level, its height depending upon the rate of adminis- 
tration (figure 1, SCO also figures 4 and 5). The level is not reached abruptly but 
requires ten to twenty minutes or more. Upon discontinuation of infusion the 
heart rate decreases first steeply, then more gradually, until the normal pre- 
infusion rate is again reached. Figures 1, 4 and 8 show this process to require a 
considerable time, nppro.vimatcly 50-C0 minutes. 



Thccan 1. Tan Posm\x CnaoNomoPic Errccr or EriscpnaiNE AamNisTEnED 

IxTEKillTTENTLT DT CONTINUOUS LvrCSION 

Dog, fcmslc, 14.1 kgm. Hcartdung prep.Tration. The total blood volume was COO cc. 
at the beginning. The mean arterial pressure was 113 inra.Hg. The sj'stcmic output was 
600 cc. The temperature varied between 3S.6-39.5”C. Black bars: continuous infusion of 
epinephrine (1:5000); calibration at right in microgm. of base per minute. 

Upon repetition it is difficult with the same rate of infusion to reach the same 
level of elevation of heart rate (see figure 1) and considerably higher rates of 
infusion are needed to achieve this. When infusion of epinephrine is carried out 
without interruption for long periods of time, heart rate as a rule decreases little 
over a period of three hours (figure 2). In one e.\periment on the heart of an old 
dog with obvious signs of previous cardiac disease, the decrease proceeded at a 
faster rate. The causes for the difference in the response of isolated hearts to the 
chronotropic effect of such intermittent or uninternipted continuous infusions of 
epinephrine are not at present known. 

Unless effects of a drug, antagonizing cardioacceleration by epinephrine, are 
abrupt, caution is necessary in interpreting tlie results. It is safe to rely on the 
results obtained if the drag is given at the heiglit of the epinephrine effect and 
acts abruptly. IVhen the drug is administered after recovery from one or more 
infusion periods, differences in the response to intermittent epinephrine infusion 
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Figitbe 2. Persistence of Positive Chronotropic Effect op Longlasting Continuous 

Infusion op Epinephrine 

Dog, male, 11.6 kgm. Heart-lung preparation. The total blood volume was 800 cc. at the 
beginning. The mean arterial pressure was 110 mm.Hg. The systemic output was 450 cc. 
The temperature varied between 38.2-39.2° C. Black bar : continuous infusion of epinephrine 
(1:5000) at the rate of 7 microgm. per minute. At A; 5 mgm. atropine sulfate injected. 
At Vi: 0.1 mgm., at Vj: 0,3 mgm. veratramine injected. 



Figure 3. The Inhibition of the Cardioaccelerator Action of 
Epinephrine bt Vebateajhne 

, Dog, male, 9.3 kgm. Heart-lung preparation. The total blood volume was 800 co. at the 
beginning. The mean arterial pressure was 106 mm.Hg. The systemic output was 400 cc. 
The temperature varied between 38.5-39.2° C. Black bars ; continuous infusion of epinephrine 
(1:100000) 6.5 microgm./minute. At V: 0.5 mgm. veratramine was injected. At 1, 2, 3: 1, 3, 
and 10 mgm. atropine sulfate, respectively, were injected. 
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are less reliable as indicators of the inhibitory action on the cardioacceleration 
caused by epinephrine. 

II. Effect of ecratramine in the isolaled heart, a. Continuous infusion of epi- 
nephrine. Wien veratramine is given to a HLP with an elevated heart rate duo to 
continuous infusion of epinephrine, a decrease in rate occurs when doses of the 
order of 0.1 to 1.0 mgni. are injected. With this dosage no irregularities are ob- 
sen-ed and the rhythm continues to be a regular sinus rliytlim. If the heart rate 
is elevated 50 to 80 per cent or more (requiring infusion of 5 to 10 microgm. of 
epinephrine per minute) 0.1 nigm. shows a noticeable, 0.3 mgm., a marked effect 
(see figure 2); 0.5 mgm. reduces the acceleration by SO per cent or more and 1 



Fiannc 4. The Effect of VERATnAsiiNE on the Positive Cimo.voTaoric Action of 
E piNEriiniNc Administered By Ixtermittent Continuous Infusion 
Dog, female, 13.2 kgm. Iloart-Iung preparation. The total blood volume was SOO cc. at 
the begioning. The mean arterial pressure was 112nim.Jlg. Tbe syetemic output was 450 cc. 
The temperature varied between 30,&-37.S® C. Black bars: continuous infusion of epineph- 
rine (IrlOOCXlO); calibration on right in microgm. per minute. The vertical broken lines 
indicate the end of continuous infusion. At V: 0.1 and 0.3 mgm. of veratramine, respec- 
tively, were given, 

mgm. causes a decrease in rate to normal or below. The decrease in rate is abrupt. 
The ma-vimal effect is attained within one to three minutes and aftenvards the 
heart rate tends to stabilize at a somewhat higher level. If epinephrine infusion 
is discontinued, heart rate, as a rule, gradually decreases to a lower level (figure 3). 

In figure 4 the response of a heart to epinephrine infusion before and after 0.1 
mgm. veratramine appears to indicate a marked effect of this dose of the alkaloid. 
The difiiculty of reliably evaluating such a result was mentioned above; on the 
other hand, the abrupt break caused by 0.3 mgm. veratramine in the curve of 
decreasing heart rate leaves no doubt of the characteristic activity of the com- 
pound. _ 
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In the HLP, the antagonistic effect of veratramine to epinephrine acceleration 
is long lasting, irrespective of "whether the epinephrine infusion is interrupted or 
continues for several hours. No reco\'ery could be seen within two houre after 1 
mgm. veratramine. Repeating the same epinephrine infusion in the experiment 
of figure 3 after two hours increased the heart rate from 142 to 165 (16 per cent), 
while during the preliminary test, the increase was from 150 to 230 (53 per cent). 
If, after the veratramine has taken effect, the blood of the HLP is replaced 
repeatedly by fresh blood, the normal responsiveness of the heart to the chrono- 



PiGimE 5. The Influence of Blood Replacements on the Inhibition bt 
Veratramine of Epinephrine Cardioaccelek.ation 

Dog, female, 9.25 kgm. Heart-lung preparation. The total blood volume was 400 cc. at 
the beginning. The mean arterial pressure was 112 mm. Hg. The systemic output was 400 cc. 
The temperature varied between 39.2-39.9°C. Black bars: continuous infusion of epineph- 
rine (1:5000); calibration on right in microgm. of epinephrine per minute. At V: 0.5 mgm. 
veratramine was injected. At 1, 2 and 3 the major part of blood was removed and blood con- 
taining no veratramine was substituted (350 cc. of fresh blood at 1 and 2; 175 cc. of fresh 
blood at 3). 

tropic property of epinephrine is not restored (figure 5). The effect of veratramine 
cannot be washed away. 

Although markedly reduced by veratramine, the responsiveness of the heart 
to the accelerator effect of epinepMne is not entirely abolished by this compound. 
While a certain infusion rate of epinephrine may no longer increase heart rate, 
a sufficiently high concentration of epinephrine reaching the heart still has quali- 
tatively its characteristic positive chronotropic effect. The rapid injection of 
large single doses of epinephrine (or norepinephrine), readily overcomes the re- 
duced sensitmty of the heart and leads to very marked increases in rate (see 
figure 8). 

b. Modification of the chronotrop^t effect of single doses of epinephrine by vera- 
Iramine. Tor the reason mentioned in the last paragraph it is not quite as easy 
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as with continuous infusion of epinephrine to show the striking antagonistic effect 
of veratramino when single injections of epinephrine are used, especially if, as is 
customary, these are given within a few seconds. With this technique the epi- 
nephrine concentrations reaching the heart are initially quite high and therefore 
relatively large doses of veratramino arc neccssar>' to givx clear results. After the 
response of the heart to 10 microgm. of epinephrine had been established in the 
experiment of figure 0 (eco curves 1 and 2), 3 mgm. of veratramine caused a 
decrease in rate from 128 to 73 per minute. The heart continued beating at a 



Fiaunc 0. Tue Effect of Veratraminx ox the Postxnx CnnoxOTnopic 
Actiox of Single Doses of ErisxruRiN'E 
Dog, malo, 12 kgra. Ileart-Iuag preparation. The total blood volume waa SOO cc. at the 
beginning. The me.an arterial pressure was 100 mm. Hg. Tbo systemic output was 400 cc. 
The temperature varied between 38.4-3S.8* C. All injections were started at zero time. 
Curves 1, 2 and 4 were obtained with 10 microgm. epinephrine giwn within three seconds. 
Curve 3 represents the heart rate change caused by 3 mgm. veratramino given over a period 
of 83 seconds (length of black bar). The last point of cun’e 1 is identical with the first point 
of curve 2. Between the last point of curve 2 and tho first point of cur\'c 3 five minutes 
elapsed. The last point of curve 3 is identical with the first point of curve 4. 

Note tbo change in time scale between the two vertical lines during minutes 1 and 2. 

regular sinus rate (curve 3). After this, the chronotropic effect of 10 microgm. of 
epinephrine was markedly changed (curve 4). The maximum reached was only 
115 beats per minute, but this still represented a relative increase of 57 per cent, 
as compared to approximately GO per cent in the controls. There was a dela}’ of 
about ten seconds in the onset of cardioaccelcration. The maximum of the rate 
likewise was delayed. The rate returned abruptly to the pre-injection level or 
slightly below. The total time of rate increase was compressed into a period of 
30 seconds, instead of taking 20 to 30 minutes as after the control injections. 

If single injections are made during one minute to prevent e.xcessively high 
peak concentrations from reaching the heart, as little as 0.1 mgm. veratramine 
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also shows the reduction of sensitivity of the heart to the cardioaccelerator action 
of epinephrine. In figure 7 administration of 10 microgm. of epinephrine (prior 
to 0.1 mgm. veratramine) increased the heart rate from 133 to 169 (27 per cent). 
Thirty minutes after veratramine the same dose increased the rate from 125 to 
140 (12 per cent). Duration of action likewise was reduced. Subsequently the 
effect continued undiminished and one and one-half hours after veratramine, 10 
microgm. of epinephrine increased the rate from 123 to 133 (8 per cent). Even 
a dose of 100 microgm. was now no more active than the dose of 10 microgm. 
prior to the administration of veratramine. 



I TIME IN MINUTES 

PiGtjBB 7. The Effect of Veratbaminb on the Positive Chhonothopic 
Action of Singes Doses of Epinephrine 

Dog, male, 11.6 kgm. Heart-lung preparation. The total blood volume was 800 co. at the 
beginning. The mean arterial pressure was 115 mm.Hg. The systemic output was approxi- 
mately 470 cc. The temperature varied between 38.4-39° C. The figures below the signals 
mean microgm. of epinephrine injected in 60 seconds into the blood returning to the venous 
supply reservoir. At C : a competence test was conducted. At V: 0.1 mgm. veratramine was 
injected. 

c. The effect of atropme. In his “law of the antagonism of the cardiac nerves”, 
Hunt (6) established the fact that submaximal stimulation of accelerator and 
decelerator nerves of the heart, made simultaneously, antagonize each other so 
that the result is the arithmetical mean of the pure accelerator and the pure 
decelerator effects. This implies that no change in rate may occur with appro- 
priate intensities of submaximal stimulation. There is the possibility that vera- 
tramine might stimulate the peripheral parasympathetic neuron in the heart. To 
test whether such a mechanism mediated by acetylcholine and sensitive to atro- 
pine might play a role in the phenomenon observed with veratramine, atropine 
was administered to the HLP in doses of between 5 and 20 mgm. to obviate such 
effects. 

In figure 8, after establishing the response of the heart to epinephrine infusion 
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and allowing normal rate to return^ xcratraminc \\ab given m two doses of 0.1 
and 0 3 ingm. Atropine sulfate m a dose of 10 mgm. did not change the rate 
niarkctlb' •within five minutes and did not prevent the subsequent dose of 1 mgm. 
veratramino from decreasing heart rate, nor did it restore the ability of the heart 
to respond to the epinephrine infusion started three minutes after the last vera- 
traminc dose. An additional dose of 10 mgm. atropine sulfate also did not modify 
the heart rate response to the epinephrine infusion within the following period 
of fourteen minutes. A \ ciy marked, though short lasting, positive chronotropic 
effect could still bo elicited when 1 mgm. of df-norcpincplirine was given. 



riouuL 8 Tin Imjibitios or EriNcninisc CAnDioAcci.iEHATiON bv VrnATnA- 
MiNF IN Tin: IsoL-^Ti I) IIfaht Usi>rn ArnoriNK 

Dog, malo, 11 7 IIenrt*lung preparation, Tho total blood ■volume wasSOO cc at the 
beginniriB The moan arterial pressure was 112 mm Hr The sjsteraic output was npproxi- 
mateb 550 cc Tlio temperature \ iricd between .16-36 7® C lllack bars continuous infusion 
of epinephrine (1:100000) 1 65 inicroKm per miniito At respective signs 0 1,03 and 10 
mgm Ncralraminc At A* 10 mgm of atropine sulfate At 1> 1 mgm of dl norepinephrine, 
while continuous infusion of epinephrine was going on The vertical broken lino indicates 
the end of the cpinophnne infusion 

While the fir&t dose of atropine frequently docs increase heart lato after vera- 
traminc (see figure 3), this increase always is of the order observed in the normal 
IILP. Figure 2 proves that atropine, given during the cpmcplinnc infusion, is 
unable to prcient the antagonistic action of veratramino to the cardioaccclcrator 
effect of epinephrine in the isolated heart. 

III. The effect of icralrannne on the cardioaccclcrator action of epinephrine upon 
the heart vi sifw. a. Dose, tnlensUtj and duration of (he icratraunne effect. In the 
circulatory bj stem of the anesthetized dog and cat and of the spinal or completely 
pithed cat the positive chronotropic effect due to continuous infusion of epi- 
nephrine differs from that in the IILP in tlint the attainment of a steady level 
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proceeds faster and the rate of disappearance of the epinephrine effect also is 
greater than in the isolated heart. Furthermore, under these conditions inter- 
mittent infusion of doses of epinephrine which cause increases in rate to between 
250 and 280 beats per minute does not appear to lead to the marked decline of 
responsiveness observed in the HLP (see figure 1). 

The antagonistic effect of veratramine to epinephrine cardioacceleration in situ, 
under the stated conditions, occurs as abruptly as in the isolated heart (figure 9), 
and peak effect is likewise reached within one to three minutes. The abruptness 
of the effect is evident from a comparison of the action of 85 microgm. per kgm. 



Figure 9. The Inhibitory Effect op Graded Doses op Veratramine on the 
Cardioacceleration Caused by Epinephrine 
Dog, male, 11.7 kgm. Nembutal anesthesia. Artificial respiration, open chest, vagi 
crushed in neck. Anesthesia was maintained during experiment by constant i.v. drip of 
10-15 drops of a 0.07 per cent sodium pentobarbital solution per minute. The blood pressure 
was recorded from the left femoral artery. At the beginning, before the epinephrine infusion 
began, it was lOG mm.Hg. At the end of the experiment, after the epinephrine infusion had 
been stopped, it was 78 mm.Hg. The rectal temperature varied between 38.4 and 38.9° C. 
Black bar: continuous infusion of epinephrine (1:1000) at the rate of 8.4 microgm. per 
kgm. per minute. At 1, 2, 3; 8.5, 25.5 and 85 microgm. of veratramine per kgm., respect- 
ively, were injected i.v. The vertical broken line indicates the end of the continuous 
infusion of epinephrine. 

(figure 9, 3) with the curve of heart rate decrease after the subsequent discon- 
tinuation of epinephrine infusion. 

Contrary to the observations in the HLP, the veratramine effect wears off in 
the whole animal. With the smallest effective dose of 8.5 microgm. per kgm. 
(figure 9, 1) it had disappeared within seventeen minutes. As the dose increased, 
intensity and duration of action correspondingly increased and the heart rate did 
not completely return to the pre-injection level but remained at a lower plateau 
(see figures 9 and 10). An analysis will be presented elsewhere of the rdles which 
distribution and elimination of veratramine play in the disappearance of its 
effect. 


Upon discontinuation of the continuous infusion of epinephrine, heart rate 
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deceleration is not different from that after ordinarj’ injection or infusion of 
epinephrine, and the heart rate docs not fall below the normal level (figure 9). 

In the experiment of figure 10 in which the second veratramine dose brought 
the heart rate to the normal level, the rate dropped below normal upon discon- 
tinuation of epinephrine infusion. Renewed continuous infusion of the same 
amount of epinephrine restored the previous level, indicating that maintenance 
of this level was the resultant of the simultaneous action of the veratramine 



Fioorb 10. The Effect of Veiiatraminb o.v the Caroioacceler.itio.v Caused 
BV Co.NTlNUOUS INFUSION OF El’INBPnRlNE 
Dog, female, C.S6 kgm. Sodium pentobarbital anesthesia. Anesthesia was maintained by 
a constant intravenous drip of 10-15 drops per minute of a 0.07 per cent sodium pentobarbi- 
tal solution throughout the experiment. The rectal temperature of the animal varied be- 
tween 39 and 40° C. At the beginning, before the cpinephrino infusion, the mean arterial 
pressure was 125. mm.Hg. At the end of c.xpcriment (7 hours later) during the epinephrine 
infusion, it was 99 mm.Ifg. After epinephrine was discontinued, it dropped to 40 mm.Hg. 
Vagi severed in the neck. Two doses of 5 mgm. atropine sulfate each were given prior to the 
start of the experiment. The black bars indicate continuous infusion of epinephrine (1:2000) 
into the right external jugular vein; calibration on right in microgm. of base. Single intra- 
venous injections were made into right femoral vein. At 1 ond 3 : 0.1 mgm. veratramine per 
kgm. intravenously. At 2: 0.3 mgm. veratramine per kgm. intravenously. At P; 35 mgm. 
sodium pentobarbital injected intravenously in a single dose. At second P: 35 mgm. were 
given in four fractional doses. At A 5 mgm. atropine sulfate injected intravenously. The 
broken vertical line near the end indicates the end of the continuous infusion of epinephrine. 

present and of the concentration of epinephrine maintained in the pacemakertissue 
by the epinephrine infusion. In order to reach the initial elevation of rate, orig- 
inally achieved by the infusion of 4 microgm. of epinephrine per kgm. per minute, 
four times the amount of epinephrine (15 microgm./kgm./min.) was now re- 
quired. In spite of the high infusion rate of epinephrine, a further dose of vera- 
tramine (figure 10, 3), equivalent to the first dose (figure 10, 1) still showed the 
characteristic effect although, quantitatively, peak action was less pronounced 
in intensity, and the time required to reach a steady level was shorter in the 
presence of the higher concentration of epinephrine. 
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b. The effect of atropine. As in the HLP, atropine does not prevent or abolish 
the effect of veratramine on the heart in situ. This has been shown not only in 
animals under barbiturate anesthesia (figure 10, 3) but also in spinal animals. In 
the experiment of figure 11 A and B the three successive administrations of 0.2 
mgm. veratramine per kgm. resulted in increasing intensity of peak action al- 
though the rate of infusion of epinephrine was increased after the first dose. 
Atropine did not modify the veratramine response even if given in a dose of 3.3 
mgm. per kgm. immediately preceding the injection of veratramine (see figure 
11 B; Aj). 

c. Action of veratramine upon the central nervous system and the effect of general 
anesthesia on the veratramine effect. The only side effect of veratramine observed 
with the dosage range employed in these experiments w'as an action upon the cen- 
tral nervous system. In the intact animal without anesthesia signs of hyperexcit- 
ability begin to occur with doses between 0.1 and 0.2 mgm./kgm. and convulsions 
occur with doses between 0.2 and 0.3 mgm./kgm. The convulsions are of a clonic 
nature. 

In the experiment of figure 10 with the animal under anesthesia no signs of 
central nervous system stimulation were noticeable until shortly after the in- 
jection of 0.3 mgm. veratramine per kgm. at 2. A dose of 35 mgm. sodium pento- 
barbital (at time 140) abolished the convulsions temporarily. They reappeared 
30 minutes later and became marked; additional doses of sodium pentobarbital 
(between time 200 and 210) restored complete anesthesia. The animal remained 
quiet and there was no sign of hyperexcitability when tendon reflexes or the lid 
reflex were tested, even after heart rate had been restored to the elevated level 
of 260 per minute by the continuous infusion of 15 microgm. of epinephrine per 
kgm. (starting at time 345). The injection of an additional dose of 0.1 mgm. 
veratramine per kgm., at 3, led to signs of awakening and hyperexcitability of 
the animal and convulsions appeared (at time 380) although lighter in intensity 
than those pre^dously observed. Intravenous administration of 35 mgm. sodium 
pentobarbital promptly restored anesthesia. 

In the spinal cat (figure 11 A and B) no signs of stimulation of the remaining 
part of the central nervous system became apparent in the absence of any general 
anesthetic agent and with a dosage range comparable to that of the experiment 
(of figure 10) in the anesthetized dog. 

IV. The dissociation of positive inotropic and positive chronotropic actions of 
epinephrine. Doses of veratramine which markedly reduce the positive chrono- 
tropic effect of epinephrine do not noticeably interfere with the inotropic action 
on the mammalian heart. This is best demonstrated in the failing heart. Com- 
petence in the experiment of figure 12 is increased by the injection of 10 microgm. 
of epinephrine in spite of the fact that acceleration no longer occurs; increase in 
output is due entirely to increase in stroke volume. Even 30 microgm. given 
subsequently did not increase the heart rate except for a period of ten seconds 
during the first minute after the injection (7). The duration of the positive ino- 
tropic action of epinephrine in the failing heart obtained vdth single doses is of 
the same order as in the heart not treated with veratramine. After continuous 
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Ijoiio 11 V lilt IsiitniTios oi tiu Pomtim CnnoNoTUonc. Vcriov oi 
iMNinmisF 11 ^ \i«\THvMi\t IN Till Pnr'»i M b oi Vinoiist 
Cit, fcmilo 3 kuni ^punl prepirition deccn bntrd und moduli^ dc8tro\cil under 
ct^<‘r«nc^thc<^m \t \ 5mf,rn i{ropitio«ulffllei«lri\r/ioti«lj At! 0 2mj,m tcfitrimine 
per kuin nUri\(iiou«l\ IJhckbir contimims infusion of epinephrine (1 oOOO), cilibr'i 
tiori on rif,lit in nncrot.fn jior k^ni iKr minute 



Fioum UB Thd Imiiijition oi Tirt l*o‘«iTi\r CiinosoTnoiic Action of 
rriNininiNb nv \Fn\TR\MiNb in tiii PnisLNCE of Atroiine 
Cat female, 3kgm Spinal prep imtion decerebrated nnd medulla destroyed underether 
anestliesia (same eNpenment as 11 V) At\ 0 2inKm aeratramino per kgm intravcnousl} 
At Vi 5 mt,m atropine sulfate intraacnousli Vt A« 10 ni^m atropine sulfate intraac 
nously Black bars continuous infusion of cpincphruic (1 5000), calibration on right m 
microgm per kgm per minute 

infusion of epineplinne the positive inotropic effect disappears at appioMmately 
the same rate without and iMth \cratramme 
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V. Coronary flow in the HLP. Accompanying the positive inotropic and positive 
chronotropic action of epinephrine in the HLP there is an increase in coronary 
how. Measurements of coronary sinus outflow by means of a Morawitz cannula 



Figure 12. The Positive Inotropic Action or Epinephrine in the Absence 
OF Positive Chronotropic Action after Vbratramine 
Dog, male, ll.G kgm. Heart-lung preparation. From top to bottom; Systemic output 
(total output of left ventricle minus coronary flow) measured by Weese stromuhr in 100 
CO /stroke Time in minutes. AP: arterial pressure recorded vith Hg manometer, calibra- 
tion on left in mm. mercury. PP (lower curve on left — middle curve on right): pulmonar}' 
pressure recorded with bromoform manometer, calibration on left in mm. water. RAP 
(middle curve on left, lower on right) : right atrial pressure recorded with water manometer, 
calibration on right in mm. water. Horizontal row of figures: heart rate per minute. S 5 mgm. 
veratramine were given in divided doses during 2 hours preceding the epinephrine ad- 
ministration. At the broad signal 10 microgm. of epinephrine wore injected close to the 
heart. Temperature of the blood varied between 3S.5 and 38.8° C Total blood volume was 
approximately 500 cc. 

showed that this vasculai’ effect was not abolished by doses of veratramine which 
largely’’ obviated the cardioaccelerator effect of the administration of single doses 
or of continuous infusion of epinephrine. 

VI. Vasomotor effect of epinephrine. In anesthetized dogs and cats and in the 
spinal and completeb” pithed cat the blood pressure increase produced by continu- 
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onb infiMon of oi)inci)i»rino not i on‘»l^tcntl\ an<lrcgulail> modified toan> gicat 
extent by do^es of \ciatiamme whieli groalh change the heart rate Figure 13 
bhow** no eh ingc in blood pic‘'‘'urc in a ‘'piiml cat receiN ing 0 2 mgm ^elatralnlne 
pel kgni w hicli dceic i^^cd the heart lalo by 3 1 pei tent, end complete!} uboli^^hcd 
the po*'iti\e cliionotropic action of epinephiine 

Vciatraminc alone caUH k a decic i‘»c in blood pic-^^urc m doses coiicsponding 
to tho^e U’'(d in Ihe-'e blood jiu •'siiie expc'iimeiiN This clTcct, lio\\e\cr, does not 
become appaient and i« insufficient locounteiact the \nsocon‘'tn( lor influence of 
tlic conc( ntnitions of (pinephnne whoH* cardioaccelcrator attion tan l)c largely 
or entirelv o\ercome 



Ijoliu n 'Iio IirKTOf ■\iu\TiuMisL \M» or Athoi j s 1 ov IbooD Pm ssuni 
\M) OS III \UT Pati Di ulso CosTiMOl s Ism sios oi Ihisi pnnis> 

. C . fem do, 3 kain Ssjnii u prt innlioii, <lcccH»r'ilc«l itid inedullu dcatm eel umk r other 
nncsthesm Corrp“<p()iids to csp< nment of I ururc IIB, tjino 207 lo2lt Arlcri d blood pre** 
sure recorded from left c iroud irlcrj , cdd)rnlioii on left in mm Hr llorirotil'il row of 
llgarrs reprc'^ents ht art r itos per mtmilc t ikon nt bird d marks Lowest lino — time in mm 
utcB At 1 0^ niRin \oritramme i>cr kRm uilnucnously \l 2 5 nigm ntropmc sulfate 
intraMiiouBH At 3 enti of continuous infusion of epinephrine (I 1000) G 5 miciogm per 
kRin per minute w hieh persisted IhrouRlmut the first part of the esficriment 

Atropine, gnen dm mg continuous iiifusion of tpmcpbnne, consistently cuisca 
a maikod, although transient, blood prcssuie decrease in dogs and cats (figuic 
13) This blood pro««me det icasc is piopoitional to the atropine do‘?o The \cia- 
tr.iminc effect on heart rate is imicpendcnt of the degree of blood picsBuic fall 
caused b} ati opine, administered in doses up to 3 3 mgm per kgm 
Discussion 1. The ob‘5cr\ations icpoitcd in this paper indicate that vciatni 
mine is an antagonist to epincpliiinc of a special and new kind, in tliat it * 50100 - 
tnel} inhibits the cardioaccclcratoi action and does not abolisli the positne 
inotiopic, the coionarj' dilatoi, and the xa'«opicssor actions of cpmcphime The 
evidence points to the heait itself and moic specifically to the paccmakci tissue 
as the site of action, as the effect can be pioduccd in tlic isol ited lieart not undci 
the influence of the accelci ans and x agus nei \ cs Ati opine in large do'^cs does not 
modify tlic phenomenon* mcclianisms scnsituc to this alkaloid therefoic cannot 
play a lole in the leaction 
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The inhibitory effect of veratramine upon impulse generation is not such as to 
render the tissue of the pacemaker entirely incapable of responding to epi- 
nephrine. High enough concentrations of epinephrine (or nor-epinephrine) are still 
capable of increasing heart rate. 

The rate of degradation of epinephrine does not appear to be modified by the 
presence of veratramine, since the duration of action of the inotropic effect in 
the failing HLP is of the same order of magnitude as in the heart not under the 
influence of veratramine. Likewise, the blood pressure decrease after discontinua- 
tion of continuous infusion of epinephrine in the whole circulatorj^ S 3 ’-stem pro- 
ceeds at a rate not noticeabl 3 ' different from that observed when no veratramine 
is present. 

2. The specificity of the veratramine effect is emphasized b 3 ’- a comparison mth 
the action of other substances hitherto known as epinephrine antagonists. Ergot, 
as Dale reported (8), does not abolish the cardioaccelerator effect of epinephrine 
in doses which “suffice to reverse the effect on the blood pressure”. Under the 
conditions of the present experiments 2 mgm. of dihydroergotamine did not 
change the heart rate eler^ated bj" the continuous infusion of epinephrine. Yohim- 
bine in a dose of 5 mgm. and Priscoline in a dose of 10 mgm. were ineffective. 
The benzodioxane, 933 F, appears to have no effect on the positive chronotropic 
action of epinephrine on the heart of the cat (9). It has repeatedly been stated 
that dibenamine does not antagonize the cardioaccelerator action of epinephrine 
(10, 11). In the HLP of the dog, Acheson, Farah and French (12) found that as 
much as 150 mgm. of dibenamine diminished neither the positive chronotropic 
nor the positive inotropic effect of epinephrine. 

3. With the use of veratramine it has become possible to separate the positive 
chronotropic from the positive inotropic action of epinephrine. The two funda- 
mental elements of the cardiac action of epinephrine can now be studied inde- 
pendently. 

The vasodilator action of epinephrine upon the coronar 3 ' vessels in the isolated, 
denerrated heart (HLP) is not abolished b 3 ^ veratramine in doses which reduce 
the heart rate to normal Avhen epinephrine is given b 3 ’- continuous infusion, or 
which prevent an increase in heart rate when epinephrine is given in single in- 
jections. It vdll now be possible to investigate the extent to which the positive 
inotropic action and the positive chronotropic action participate in the vasodila- 
tor response of the coronaiy vessels, 

4. Of the known veratrum alkaloids, jervine has been found to inhibit the pos- 
itive chronotropic action of epinephrine in a manner similar to veratramine. Its 
potenc 3 ’- is considerabl 3 '^ less, l^eratrosine, the glycoside of veratramine, and 
pseudojervine, the gb^coside of jerr'ine, also were found to possess the charac- 
teristic propert 3 '. The introduction of glucose, however, modifies the effect. As 
will be sho^vn in subsequent communications, there are qualitative as well as 
quantitative differences between the effect of the gtycosides and that of their 
respective agls’^cones. The ester alkaloid veratridine in a dose of 0.3 mgm. was 
ineffective. It is impossible to administer larger single doses of this compound on 
account of its tendency to cause disturbances of rate and rh 3 dhm of the heart 
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bc.Tt (13). The alkamino cevino was ineficctivo in a dose of 40 mgm., while 0.1 
mgm. of veratramine under the same conditions caused a definite effect. 

5. Chemically veratramine (like jcrA'inc) belongs to the group of secondary 
veratrum bases in which nitrogen is contained in the steroid side chain. Up to 
the present the published data do not explain all the structural details of this 
part of the molecule. Veratramine is a benzenoid compound. Possibly ring B is 
the unsaturnted benzenoid ring (2). 

BUMMARV 

Veratramine, a sccondarj' base of the x-cratrum alkaloid series, antagonizes the 
cardioaccelerator (or positive chronotropic) action of epinephrine in the isolated, 
dcncn’atcd heart (HLP) of the dog, as xvcll as in the whole circulatory system 
of dogs and cats under anesthesia, or of spina! or completely pithed cats. 

The site of action is in the pacemaker tissue of the heart. Atropine in large 
doses does not modify this veratramine effect. 

The action of epinephrine upon contractility (positive inotropic action) is not 
abolished by doses of veratramine which annul the cardioaccelerator action. It 
is thus possible to separate the two fundamental elements of the cardiac action 
of epinephrine. 

The vasodilator action of epinephrine upon the coronaiy vessels of the dener- 
vated isolated heart (HLP) of the dog, and the vasopressor action of epinephrine 
in the whole circulation arc not abolished by doses of veratramine which have 
a very marked effect upon heart rate. 

The liitherto known antagonists of epinephrine, which abolish or prevent its 
vasopressor action, arc devoid of the property of veratramine, when they are 
subjected to study under identical conditions. 

Of several other veratrum alkaloids studied, jervine, another secondary base, 
and the glycosides, veratrosine and pseudojervine, were also found capable of 
antagonizing the cardioaccelerator effect of epinephrine. 

It is a pleasure to acknowledge the help given in these e.xperiment 3 by Dr. 
Felix Bergmann, Mr. Henry George, and Mr. Arthur Campbell. 
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The addition of “Zephiran” to a solution of Carbachol instilled in the eye in- 
creases the amount of the choline derivative found in the anterior chamber (1). 
The same result is obtained when a solution of physostigmine in “Zephiran” is 
used (2). Von Sallman and Meyer (3) found that several detergents favor the 
penetration of penicillin into the aqueous humor. With these facts in mind, we 
thought it of interest to find out if certain detergents can increase the response 
of skeletal muscle, smooth muscle, and autonomic ganglion to injections of acetyl- 
choline and potassium chloride. Since the available literature contained no data 
showing whether or not the detergents studied lowered surface tension and 
facilitated the penetration of certain substances into cells, we decided to make 
such a study. 

Methods. The chronically denervated quadriceps muscle, the superior cervical ganglion, 
and the nictitating membrane of cats, anesthetized with pentobarbital sodium according 
to our present technique (4) , were used for this study. The doses of acetylcholine and potas- 
sium chloride used were 5 to 60 mgm. and 16 to 20 mgm., respectively. Both drugs were dis- 
solved in 0.2 cc. of distilled water and injected into the caudal end of the abdominal aorta. 

The detergents used were “Santomerse” (Monsantoj—an alkylarylsulfonate— in doses 
of 0.25 to 1 cc. of a 1:100 solution; “Merpol” (Dupont) — ^R-CHj-O-SOj, where R is a long 
alcoholic chain— in doses of 0.5 to 1 cc. of a 1:100 solution; “Invadine N” (Ciba)— an 
alkylnaphthalylsulfonate — in doses of 0.35 to 1 cc. of a 1:500 solution; "Duponal 189” 
(Dupont)— CHjCCH-lioCHj-O-SOjNa — in doses of 0.40 to 0.70 cc. of a 1:1000 solution; and 
“Zephiran” (“Zobenol” Winthrop)— an alkyldimethylbenzylammonium chloride of high 
molecular weight — in doses of 0.2 to 1 cc. of a 1:1000 solution. All were administered by 
intra-aortic injection. 

I. Action of Detergents on Surface Tension and Cellular Perjiea- 
BiLiTY. A. Aciion of detergents on surface tensions. The changes produced by 
detergents on the surface tension of distilled water and of cats’ serum were studied 
by the method of Dognon (5) (table 1). All the detergents decreased surface ten- 
sion in both cases. The fall in surface tension of water was generally parallel to 
that of serum, except for the much greater effect of “Santomerse” on water than 
on serum. 

B. Action on cellular 'permeability. Two types of experiments were carried out. 
In one potassium iodide was chosen, although it is slightly less diffusible than 
acetylcholine or potassium chloride. Three-tenths cc. of a 5 per cent solution of 
potassium iodide was placed on the conjunctiva of a cat, while the other eye was 
similarly treated except that the potassium iodide was dissolved in a detergent 
solution. After fifteen minutes (when “Merpol” was used) and twenty-five 
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minutes (in tbe case of the other detergents) 0.5 cc. of aqueous humor was with- 
drawn and analyzed for iodide. The detergents favored penetration of iodide into 
tlio aqueous humor (table 2). 

In tlie other type of e.\periment, we studied the mortality curve of the frog 
Cyslignatus bibromi, when placed in potassium chloride solutions of different 
concentrations. For each concentration, ten frogs were used. With the same 

TABLE 1 


Changes of sut/occ tension of distilled irater and blood sernin of cats produced hg detergents 



Dismiro WATEB 

DWtS/OI* 

BtOOO BESru 
DYNtS/ca’ 


75.* 




59.C0 


2S.07 

31.76 


32.45 

37.13 

60.C1 


-t 

33.30 


37.25 


40. SS 

42.32 



* According to Dognon. 

t Having only a 1:1,000 solution avnitablo, wo could not determine this. 


TABLE 2 

Influence of detergents on the penetration of potassium iodide through the eomea of cats 


t>ETrKCE.VT 

raiz 

lOCIKC uou. rtt O.S cc. 
AQiTtocs mntoi* 

C«atxoI 

Experiffleat 


rtitt. 



Merpol 

15 


2.6 

Santomerse 

25 


1.9 

Zephiran 

25 


0.2t 

Duponol 

25 

0.00 

2.1 

Invadine 

25 

0.18 

l.S 


* Each figure represents the mean of two results. 

I Potassium iodide added to a solution of Zephirnn produces turbidity. 


method, the mortality curve for "Merpol” was determined. The mortality curve 
for potassium chloride was then determined in the presence of the maximum 
concentrations of “Merpol” that showed 0 per cent mortality (fig. 1). 

The displacement of the mortality curve produced by potassium chloride when 
used together with “Merpol” is greater than would be e.xpectcd from a simple 
summation of effects and suggests that the detergent has increased the pene- 
tration of potassium iodide through the skin. 

II. Action of Detergents on CnoLiNESTEiusE Aotivitv. Human blood 
scrum was used. Themethodof Pighini (6) asmodifiedinourdepartment (7), was 
used for titrations of cholinesterase activity. The error of the method was ±0.107 


















440 F. HUrDOBHO AlO) P. ATRIA 

for 2.38 cc. N/200 sodium hydroxide in six titrations of the same serum. Of these 
detergents, only “Zephiran” inhibited cholinesterase (table 3). 

III. Effect of Detergents on the Response of Muscle to Acetylcholine 
AND Potassium Chloride. Repeated intra-aortic injections of acetylcholine ■were 
given until uniform muscular contractions were obtained; then, fifteen seconds 



Fig. 1. Action of Merpol on the mortality curve of Cyslignatus bibronii produced by 
potassium chloride. Ordinates, percentage mortality; abscissae, logarithm of dose. 
•Mortality curve of Cystignatus produced by potassium chloride. 

3Mortality curve of Cystignatus produced by Merpol. 

OMortality curve of Cystignatus produced by potassium chloride plus Merpol. 


TABLE 3 

Anlicholinesierase aclivily of detergents 



^ i 


rxp 

3 

. KO. 

4 

5 

6 

AVZSACC 

Normal serum 

1.64 

2.03 

1.71 

2.13 

1.83 

1.79 

1.88 ±0.242 

Normal serum + Zephiran — 

0.62 

0.83 

0.75 

1.25 

1.10 

1.15 

0.95 ± 0.1 

Normal serum + Santomerse. 

1.95 

2.67 

1.78 

2.10 

1.71 

2.01 

2.02 ± 0.137 

Normal serum + Merpol 

1.99 

2.04 

1.94 

2.07 

1.86 

2.01 

1.98 ±0.025 

Normal serum + Invadine — 

1.67 

2.10 

1.86 

2.18 

2.05 

2.14 

2.00 ± 0.066 

Normal serum + Duponlo — 

1.52 

2.46 

1.47 

1.96 

1.76 

1.93 

1 

1.84 ±0.141 

i 


before the next injection of acetylcholine, 0.5 to 0.6 cc. of a detergent solution 
was injected. 

Under these conditions, all the detergents used increased the response to acet- 
ylcholine (fig. 2). Intra-aortic injection of 10 to 15 mgm. of potassium chloride 
produced a muscular contraction, the response ts’aning with successive injections. 
When, after repeated injections, the response to potassium chloride had become 
verj’’ slight, a dose of detergent was given approximately 15 seconds before the 
next dose of potassium chloride. All the detergents increased muscular contrac- 
tions considerably in such an experiment (fig. 3). 

















Tir, 3 Action of S uitdinorsc iiul Mcrpol on nniscuhr t ontr ict ion produced h) potas- 
sium chlonilc 

a Signals on upper lino 0 0 cc SanlomcrsiC Signals on middle hno 15 mgm potassium 
chloride (same in Ii) 

b. Signal on upper line 0 75 cc Merpol 


n’’ Effect of Df.ti itGfNTb ov tiif lifspovsi. of the Sui’Enion CEKviCii/ 
GA^atIo^•. Tliis problem r^as approached in tno nays: A. In animals with or 
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■ndthout acute extirpation of the superior cervical ganglia and with or without 
clamping of the external carotid artery, 20 to 60 mgm. of acetylcholine were in- 
jected into the common carotid artery. When a uniform response of the nictitat- 
ing membrane was obtained, a detergent was injected fifteen seconds before the 
next dose of acetylcholine. With the exception of "Merpol”, which depresses the 
ganglia and increases the smooth muscle response, the drugs either have no effect 
or depress the ganglia as well as the nictitating membrane (fig. 4). B. In other 
animals, pre- and postganglionic cendcal sympathetic fibers were stimulated elec- 
trically with currents producing tetanic responses. The injection of “Merpol” 
depressed the nictitating membrane on the side where preganglionic fibers were 
stimulated. 





Fig. 4. Action of Merpol on the superior cervical ganglion and nictitating membrane 
stimulated by acetylcholine. 

a. First signal on upper line: 0.5 co. 1 per cent Merpol; second signal, 0.5 co. 2 per cent 
Merpol. Middle line: 60 micrograms acetylcholine injected in carotid artery (external 
carotid ligated). 

b. Another animal with the superior cervical ganglion extirpated. Upper line: 0.5 cc. 
1 per cent Merpol. Middle line: 15 micrograms acetylcholine injected into the carotid 
artery. 

Discussion. Our results suggest that the increase of muscular response to acet- 
ylcholine and potassium chloride produced by detergents is due to an increased 
permeability of the muscle cell to the first two substances. Torda and Wolff 
found that agents lowering surface tension increase sensitivity to acetylcholine. 

The difference found between the myoneural junction, on one hand, and gan- 
glion and smooth muscle, on the other, is not a question of dosage, since “Merpol”, 
at least, was studied at other concentrations (2:100 to 1:10,000) with the same 
effect. At a concentration of 1:10,000 “Merpol” loses virtually all its action 
(table 4). 

If detergents increase the response of striated muscle to acetjdcholine and 
potassium chloride through an increase in permeability, they might be expected 
to act similarly on autonomic ganglion and smooth muscle. However, with the 
exception of “Jlerpol”, they depress ganglion and smooth-muscle response. The 
possibility must therefore be considered that these detergents act through addi- 
tional pharmacological properties. If this is the case, ganglion and smootji;^ 
may be more sensitive than striated muscle to such additiona 


TxVBLE 4 

Ejfect of delergenti on iht response of ganglion and nictitating membrane to acetylcholine 
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Anticholinesterase activity is not responsible for these effects, since "Zephiran” 
is the only cholinesterase inhibitor used here. 

Our results agree with the findings of Reiner (8) for other detergents. The 
ones we studied, especially a 2 per cent solution of "Merpol”-, rapidly produce 
thrombosis of the common carotid artery. 

SUMMARY AND C0NCDUSI0N5 

The detergents investigated were found to lower the surface tension of dis- 
tilled water and of cats’ serum and to favor the penetration of substances through 
the cornea of cats and frogs' skin. 

All the detergents used increased appreciably the response of chronically de- 
nervated striated muscle to acetylcholine and potassium chloride, but acted as 
depressors on the superior cervical ganglion and the smooth muscle of the nicti- 
tating membrane (except “hferpol”, which increased nictitating membrane re- 
sponse). 

From the foregoing facts, we conclude that the detergents studied have other 
pharmacological properties besides that of increasing cellular permeability. 
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Tlio stnicturo of tlio new antibiotic chloramplienicol (Chloromycetin') has 
been established by the work of RebstocK, CroolvS, Controuhs and Bartz in these 
laboratonts as D(— )/Areo2 dichloracctamido 1 p nitrophenjl 1,3 propanediol 
(1) The de\ elopmenl of a new colonmctnc method for aromatic nitro compounds 
in biological matcnals (2) has opened the way for studies on the mebibolic fate 
of chloramphenicol, extending the data obtained b> others using microbiologieal 
assaj procedures (3, 4) 

Prom the results presented here it is evident that chloramphenicol is rapidly 
absorbed, inactivated and excreted In man, about 90 per cent of the drug ad- 
ministered orally is rccox crod in the urino m 24 hours, priiicip illj in the form 
of inactive metabolic products nhicli retain the aryl nitro group intact Less than 
10 per cent of the dose is cxcrotcd ns unchanged chloramphenicol, confirming 
earlier obsen ations (4) Ex idcncc is presented for the formation of inactive nitro 
compounds and aiyl amines from chloramphenicol bj enzymatic processes The 
drug IS partly excreted in the bile of lower animals, and a large proportion of the 
total dose is recovered in the intestinal tract The principal metabolic products 
of chloramphenicol ha\e been isolated and identified and will be described else 
where (5) 

Procedure Crjstalhne cUlor(vmplicnicol isolated from fermentation sources (G) and 
synthetic chloramphenicol (7, 8) w cre used interchangeably in these studies, being identical 
m chemical structure and properties (1) Dosage figures arc gn en in actual weight of crystal 
line chloramphenicol administered, rather than in arbitrary units 

Microbiological and colonmctnc assay procedures were used (or Iho determination of 
chloramphenicol The microbiological assay method is based on the inhibition of the growth 
of Shigella sonnei as measured by a turbidimotnc method (0) The chemical method (2) 
13 based on the reduction of aromatic nitro compounds by titanous chloride, followed bj 
diazotization and coupling of the resulting ar>l nnuno with the Bratton Marshall reagent 
This determination includes inactive metabolic products of chloromphcmcol which contain 
the nitro group, as well as unchanged chloramphenicol Simultaneous determinations are 
also made for aryl amines which may be present before reduction, using methods already 
desenbed (2) In the absence of separate analytical methods for each metabolic product, 
all results are expressed in terms of "chloramphenicol equivalents" 


* Parke, Davis and Company trademark for chloramphenicol 

* Beported in part at the 33rd annual meeting of the Federated Societies for Expen 
mental Biologj and Medicine Detroit, Michigan, Apnl, 1949 
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Experimental and Discussion. Distribution in Tissues of the Dog, Rat and 
Guinea Pig. A series of white rats weighing 160 to 190 gm. were given 100 mgm. 
of chloramphenicol per kgm. body weight by subcutaneous injection of a 50 per 
cent propylene glycol solution containing 10 mgm. of antibiotic per cc. The rats 
were killed in groups of three at intervals of 1, 2, 4 and 10 hours after adminis- 
tration. Tissue samples were removed and stored in a deep-freeze unit until 
analyzed. Equal weights of corresponding tissues from the animals in each group 
were pooled and analyzed for total nitro compounds by the titanium reduction 
procedure (2). Tissues from normal untreated rats were handled in the same 
manner, and the “blank” values were subtracted from those obtained for corre- 



PiG. 1. Concentration of Nitro Compounds in Rat Tissues at Different Time 
Intervals after Subcutaneous Administration of Chloramphenicol 

Analytical data were obtained by the titanium reduction procedure on pooled samples 
of corresponding tissues from three rats killed at each time interval, with corrections 
being made for normal tissue blanks. 

sponding tissues from treated animals. Results are presented in 6gure 1, ex- 
pressed as micrograms of chloramphenicol-equivalents per gram of tissue. The 
greatest concentration of nitro compounds is observed in the kidneys, with 
progressively lower concentrations in the liver, lung, heart, spleen, muscle and 
brain. 

Similar results were obtained with dogs. Two dogs weighing 5.6 and 5.8 kgm. 
were each given 35 mgm. of chloramphenicol per kgm. body weight by subcu- 
taneous administration of a 50 per cent propylene glycol solution containing 10 
mgm. of the antibiotic per cc. One dog was sacrihced 90 minutes after adminis- 
tration, and the other was sacrificed at three hours. Tissues were collected from 
each dog immediately after death, and handled in the same manner as described 
for the rat experiments. The results are presented in table 1. No increase in the 
concentration of aryl amines was observed over normal levels. The distribution 
of nitro compounds in the tissues appears to follow the same pattern as in the 
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rat Tlie ratio of the concentration of nitro compounds m vanous tissues to that 
found in plasma is also given in table 1 High ratios for kidne> and liver, and 

TABLE 1 

Z)win6uh<m 0 / ntfro compounds tn the dot; 

Dogs gi\en 35 mgm of chloramphenicol per kgm bod> weight subcutaneous injee 
tion Vr ere sacrificed 1 5 and 3 0 hours after administration Tissues were analj zed for total 
nitro compounds b> the titanium method (2), with results expressed as micrograms of 
chloramphenicol cquualents per gram of tissue Corrections were made for normal tissue 
blanks Thoratioof thenitroconccntrationinlgm of tissueto that found mice of plasma 
IS also gi\ en, with no corrections being made for the apparent drug concentration m plasma 
water 


TlfSCZ 

1 M aoexs 

1 3 0 BOeXS 

Coacxo 
tntioa 
(micro* , 
fm /cin* 

Ritio 
(tiuue/ 1 
blood) 

Concen 

tnUoa 

(taleio* 

pa^pa) 

Ratio 

(time/ 

blood) 

Kidney 

109 

5 2 

35 


Liver 

81 

3 9 

42 


Lung 

43 

2 0 

13 


Spleen 

37 

18 1 

14 

11 

Heart 

33 


11 

Via 

Muscle 

23 

■D 

12 

vH 

Brain 

15 

HSVI 

8 

■H 

Spinal Fluid 

7 

Bn 

9 


Bile 

876 

41 0 

810 ; 

41 6 

Plasma 

21 

— 

13 

— 


TABLE 2 

Diitn&ution of nitro compounds and aryl amines tn the guinea ptg 
Two guinea pigs giicn 100 mgm chloramphenicol per kgm bod> weight by the sub* 
cutaneous route were sacrificed 00 minutes after administration, and tissues were analyzed 
for total nitro compounds and aiyl amines Results arc expressed os micrograms of chlor- 
amphenicol equivalents per gram of tissue, all values being corrected for normal tissue 
blanks 


TKstrz 

cuerza no i 

j cniKtA no n 

Arrl 

traiaes 

Nitro 

compooadi 

Aryl 

amioes 

Nitro 

compousdj 

Kidney 

110 

62 


100 

Liver 

52 

1 


4 

Lung 

1 

29 


26 

Spleen 

0 1 

10 

15 

18 

Heart 

13 

9 


11 

Muscle 

4 

13 

4 1 

14 

Brain 

1 

1 

2 

5 

Bile 

— 

450 

— 

420 

Urine 

— 

4160 

— 

3150 


low ratios for the brain and spinal fluid indicate a non uniform distnbution of 
the drug throughout the body 
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The metabolic fate of chloramphenicol in the guinea pig differs from that ob- 
served in the dog in that large amounts of aryl amines are foimd in the tissues 
of the former. Data presented in table 2 show that guinea pig liver and kidneys 
contain relatively low concentrations of nitro derivatives and high concentra- 
tions of aryl amines. That this condition is due to enzymatic reduction of the 
nitro group is supported by in vitro experiments described in another section. 
The rapid formation of aryl amines by the guinea pig may explain the aberrant 
results observ^ed in this animal vnth chloramphenicol in toxicity studies and 
therapeutic tests (10). Although the results presented here show no increase in 
the urinary excretion of aryl amines by man and dog following administration 



Fig. 2. Serum Levels in Man Following a Single 3.0 Gram Dose 
OF Chloramphenicol by Mouth 

Total nitro compounds were determined by the titanium reduction procedure, and active 
Chloromycetin was determined by microbiological assay. 

of chloramphenicol, an increased e.xcretion of free and conjugated aryl amines 
has been observed in the urine of the rat, mouse and guinea pig (5). 

Blood Levels of Chloramphenicol in Man. Following oral administration of 
chloramphenicol to man, Ley, Smadel and Crocker (4) observed maximum blood 
levels in two hours by microbiological assay, indicating rapid absorption of the 
drug from the gastrointestinal tract. These observations are confirmed by the 
microbiological and chemical data presented here. 

A normal adult human subject was given 3.0 gm. of chloramphenicol by mouth in the 
form of compressed tablets each containing 0.25 gm. of the drug. Blood samples were drawn 
before administration and at stated intervals thereafter. The serum was separated by cen- 
trifugation and a portion was analyzed for active antibiotic by the microbiological method. 
Trichloracetic acid filtrates were also prepared for analysis of total nitro compounds by 
the titanium procedure (2). The results are presented in figure 2, expressed as micrograms 
of chloramphenicol-equivalents per cc. of serum. 
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From tlie data in figure 2, the serum level of chloramphenicol appears to reach 
a mnximiun in about two hours, falling off gradually thereafter and returning 
to normal after 22 hours. The chemical assay values are only slightly higher than 
the microbiological, indicating that the principal nitro compound in the blood 
is active chloramphenicol. No significant increase in the arjd amine content of 
scrum was noted in an3’ of the samples. In other siudies, a few isolated cases were 
observed where maximum blood levels %vcrc delayed ns much as six to eight hours 
after administration (11); but in the majority of cases human subjects given 
chloramphenicol by mouth showed maximum blood levels in two to four hours 
after administration. - • - • 

Data presented in table 3 summarize a scries of observations on human sub- 
jects, correlating maximum obscrv'od serum levels v-ith the amount of chlor- 

TABLE 3 

Jiclalion of maximum tcrum Uveh to dose of ehloramphenieol in man 


Adult Imman Bubjects were given chloramphenicol bj' mouth, and eenim samples were 
taken at frequent intervals for analysis of total nitro compounds by the titanium reduction 
procedure. The maximum observed serum levels are related to dosage in the table. 


STBJCrt 

twsc 

uAxncnt «»pw tn’ct i 
(yiciocy./cc.) 

szinu icvzt 

(JXIOIOCV./CC.1 

poaicu.) 


tm. 



A 

0.5 

9 

18 

B 

0.5 


20 

c 

1.5 

24 

16 

D 

3.0 

43 

14 

E 

3,0 

43 

14 

F 

3,0 

51 

17 

Mean eerum level per 1 gm. dose 

17 microgm./cc. 


amphenicol (in tablet form) given by mouth. The maximum concentrations ap- 
pear to be proportional to the size of the oral dose. This can be used as a guide 
for the prediction of blood levels, but the actual concentrations may de\'iate con- 
siderably' from these estimates, being dependent on individual factors of absorp- 
tion, degradation and excretion. 

Urinary Excretion in Man. Ley, Smadcl and Crocker (4) found that approxi- 
mately 10 per cent of chloramphenicol given daily by mouth to normal human 
subjects was recovered in 24-hour urine specimens by microbiological assay. Our 
results agree with this observation; but chemical analysis of the urine for nitro 
compounds shows that approximately' 90 per cent of the drug is excreted in 24 
hours, principally in the form of inactive metabolic products which are not de- 
tected by microbiological assay. 

Two normal adult male subjects were used in these experiments. The bladder was first 
emptied, and the urine thus voided was used os a control. Subject A received 0.5 gm. of 
chloramphenicol, and subject B received 1.5 gm. as a single dose in gelatin capsules- Urine 
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was collected by voluntary emptying of the bladder at stated intervals. Volumes were 
measured, and aliquots of the urine were stored in a refrigerator until analyzed by the 
colorimetric and microbiological procedures (2, 9). 

The results for subject A, receiving 0.5 gm. of chloramphenicol, are presented 
in figure 3. The maximum excretion rate as determined by microbiolo^cal assay 
is foimd 1.5 hours after administration, while the chemical assay for total nitro 
compounds showed a maximum excretion rate two hours after administration. 
The quantity of active chloramphenicol recovered in the 24 hour period amounted 



0 12 24 36 

TIME AFTER ADMINISTRATION - HOURS 


Fig. 3. Ubinart Excretion op Chloramphenicol and Total Nitro Compounds in 
Man Following Oral Administration of 0.5 Gram Chloramphenicol 
Using the titanium reduction procedure, 87.8 per cent of the administered dose was 
accounted for in the 24 hour e.xcretion, while 7.5 per cent of the administered dose was 
recovered by microbiological assay. 


to 7.5 per cent of the administered dose, while the total nitro compounds 
excreted in the same period represented 87.8 per cent of the dose. No 
increase in the normal excretion of free or conjugated aryl amines was observed 
in man. The difference between the chemical and microbiological recoveiy figures 
is attributed to the presence of inactive metabolic derivatives of chloramphenicol, 
consisting principally of the glucuronide of chloramphenicol (5). The existence of 
unchanged chloramphenicol in human urine has also been confirmed by direct 
isolation and chemical identification of the active antibiotic (5). 

The results for subject B, recemng 1.5 gm. of chloramphenicol by mouth, are 
presented in table 4. The maximum excretion rate for active chloramphenicol 
again is found to occur slightly ahead of the maximum excretion rate for total 
nitro compounds. The recovery of active chloramphenicol in the 24 hour urine 
amounted to 5.6 per cent of the dose, while recovery of total nitro compoimds 
by colorimetric assay accounted for 92.7 per cent of the dose. There was no sig- 
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niGcant increase in e.\xroUon of aryl amines over normal levels. Stool specimens 
collected from tlris subject for 50 hours after administration showed a slight in- 
crease in atj'l amines and nitro compounds, accounting for approximately 1 per 
cent of the administered dose. 

A number of observations wore made in order to determine whether the uri- 
imry excretion rate for nitro compounds is correlated with serum levels. Normal 

TABLE 4 

Urinary excretion of ehtoramphenieol derivatives in man 
A normal human subject (wt. 73 kgm.) was given 1.5 gm. of chloramphenicol os a single 
doseby mouth, and urine specimens were collected at stated intervals for anal^’sls by chemi- 
cal and microbiological assay procedures. Excretion rates are presented in terms of milli- 
grams of chloramphenicol-equivalents per minute, calculated from concentration, urine 
volume and length of collection period. 
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human subjects and patients under treatment for urinary tract infections were 
given chloramphenicol tablets by mouth, and urine samples were collected over 
feed time mter\'als. Blood samples w'crc drowTi at the mid-points of the urine 
collection periods. The results of colorimetric analyses are shown in figure 4, in- 
dicating a direct relationship between the urinary e.xcrction rate and serum levels. 

Blood Levels an*d Uainart Excretion in Dogs. Data on blood levels and excretion 
rates in dogs gave results similar to those obtained in man except for a smaller recovery in 24 
hour urine specimens. A male dog weighing 184) kgm. was given 150 mgm. of chloramphenicol 
per kgm. body weight by mouth in gelatin capsules. Blood samples were taken from the 
external jugular vein, and urine samples were obtained by catheterizing and completely 
emptying the bladder at each collection period. The results of chemical and microbiological 
assay are presented in figure 5. 
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Fig. 4. Relation of Urinabt Excretion Rate for Total Nitro Compounds to Serum 

Levels in Man 

Analytical data were obtained by the titanium reduction procedure and include inactive 
metabolic products as well as active antibiotic. Serum samples were taken at approxi- 
mately the midpoints of the urine collection periods. 



Fig. 5. Blood Levels and Urinart Excretion Rates for Chloramphenicol and 
Total Nitro Compounds in a Dog Given 150 mgm. of Chloramphenicol per 
KGM. OF Bode Weight bt Mouth 

The amount of chloramphenicol accounted for in 24 hour urinary excretion was 54.7 
per cent of the administered dose by the titanium reduction procedure, and 0.3 per cent by 
microbiological assay. 

The excretion rate in dogs appears to be dependent on the blood level, as was 
also noted in the experiments i\ath man. The colorimetric and microbiological 
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assay values ia scrum differ considerably after the first tivo hours, and inactive 
nitro compounds are excreted for more than 24 hours although the microbiological 
nssaj’s indicate vcrj" lov concentrations of active chloramphenicol after twelve 
hours. However, in contrast with the 90 per cent recovery obtained for 24 hour 
urinaiy excretion in man, only 54.7 per cent recoveiy of total nitro compounds 
was obtained with this dog. Of the total dose, 0.3 per cent was recovered in the 
urine as active chloramphenicol. No significant increase in the excretion of arjd 
amines was noted in the urine; but analysis of feces showed that largo amounts 
of arj’l amines were present. 



HOURS AFTER I.V. ADMINISTRATION 


Fio. C. Blood Le\'els and Urinart Excretion Rates for Ciilorampitenicol and 

Total Nitro Compounds in a Doo GmLN 50 mom. of CiiLORAMpnENicoL per xgm. 

Boot Weiout bt Intravenous Injection of an 8 rr.u cent Solution in Proptlene 

Glycol 

The amount of chloramphenicol accounted for in 24 hour urinary excretion was 67.8 
per cent of the administered dose by the colorimetric method and 7.6 per cent by micro- 
biological assay. 

A similar experiment was conducted with a male dog weighing 16.5 kgm., 
given a single dose of 50 nigm. chloramphenicol per kgm. vitravenoushj as an 8 
per cent solution of the antibiotic in propylene glycol. Blood and urine samples 
were collected as described previously, and analyzed by the colorimetric and 
microbiological procedures. The results arc presented in figure 0. The serum con- 
centration of nitro compounds decreased rapidly, reaching 50 per cent of the 
initial (15-minute) level in about two hours. Verj' little active diloramphenicol 
was found in the urine after six to eight hours, whereas inactive nitro compounds 
were excreted in the urine for over 24 hours. The recover}^ of active chlorampheni- 
col in the urine represented 7,6 per cent of the administered dose, while the total 
nitro compounds in tlie urine accounted for 67.8 per cent of the dose. There was 
no significant increase in the arj'l amine excretion in urine. 

Renal Clearance. The renal clearance of active chloramphenicol from the blood- 
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stream has been calculated from the microbiological assay data in man and dog. 
In addition estimates have been made of the clearance of inactive metabolic 
products of chloramphenicol, as represented by the difference between the color- 

TABLE 5 

Renal clearance of chloramphenicol and metabolic products in man 
Adult human Bubjects were given a single dose of 3.0 gm. chloramphenicol in tablet 
form by mouth. Blood samples were drawn at the mid point of the urine collection periods 
for analysis by the colorimetric and microbiological assay procedures. No corrections were 
introduced for protein binding. 
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TABLE 6 

Renal clearance of chloramphenicol and metabolic products in the dog 
Dogs were given chloramphenicol orally in gelatin capsules or intravenously as an 8 per 
cent solution in propylene glycol. Blood samples were drawn at the mid point of the urine 
collection periods for analysis by the colorimetric and microbiological assay procedures. 
No corrections were introduced for protein binding. 
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3 
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15 
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Oral 

4-6 
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2-4 

15 
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Oral 

4-6 

9 

150 

4 

150 

Oral 

6-8 

10 

93 

5 

150 

Oral 

0-4 

29 

165 


imetric and microbiological assay figures in blood and urine. A summary of the 
clearance data so obtained is presented in tables 5 and 6, for man and dog, re- 
spectively. 

The renal clearance of active chloramphenicol appears to be far below the 
values reported for glomerular clearance of creatinine and inulin in man and dog 
(12), when no corrections are made for protein binding. Assuming that glomerular 
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filtration is the principal mechanism for excretion of active chloramphenicol and 
that no tubular rcabsorption occurs, the clearance data presented here would 
indicate 60 to SO per cent binding by plasma proteins, which is in agreement with 
other estimates (3). Experiments on the distribution of chloramphenicol between 
plasma and red cells in heparinized iniman blood also show a higher concentra- 
tion in the red cells than would be expected on the basis of uniform distribution (5). 

In contrast with the results for chloramphenicol, the inactive nitro fraction is 
cleared from the blood at a much greater rate than can be accounted for by 
simple glomerular filtration. The clearance figures are uniformly high, being from 
three to five times as great as for creatinine, which would indicate that active 
tubular secretion is involved (12). Tliis observation does not nccessarilj- apply 
to all of the metabolic products of chloramphenicol in urine, but it does demon- 
strate that the principal inactive nitro compounds are excreted far more rapidly 
than the active antibiotic. 

Excretion in Bile and Feces. Although the urinary excretion of chloramphenicol 
derivatives accounts for appro.ximately 90 per cent of the drug in man (table 4), 
low recoveries from urine arc obtained with the dog and other animals. Tlio 
possible importance of the bile as a route of excretion is indicated by the high 
concentration of nitro compounds found in the bile of the dog and guinea pig 
(tables 1 and 2). Since the bile enters the small intestine, it would be expected 
that largo amounts of nitro compounds would be found in the intestinal tract 
following parenteral administration of chloramphenicol. 

A eerica ol while female rafa weighing ICO to 100 gm. were given 100 tngm. choTamphenico! 
per kgm. body wciglit by aubeutaneoua injection, using a CO per cent propylene glycol 
aolution containing 10 mgm. of chloramphenicol per cc. The rats were placed in a metabolism 
cage over a funnel, using wire screens to separate the feces from the urine. No food was 
given during the course of the experiment, and there was practically no contamination of 
the urine with fcccs. The rats were sacriOced at 4, C, 12 and 17 hours after administration. 
The bladders wore washed out with saline to insure complete collection of urine. The 
intestinal tract was dissected out and the entire contents carefully w ashed out into a beaker, 
volumes adjusted to 100 cc., and the mixtures homogenired in a Waring Blendor. Twentj'- 
five cc. of a 15 per cent trichloracetic acid solution were then added and the mixtures were 
filtered. The urine and intestinal tract washings were analyzed separately for nitro com- 
pounds and aryl amines. The results are presented in table 7, corrected for normal urine and 
intestinal contents blanks obtained with untreated rats. 

From the results in table 7 it is evident that large amounts of nitro compounds 
are excreted into the intestinal tract, accounting for ns much as three-quarters 
of the administered dose in eight to twelve hours. That the bile is the principal 
route of excretion into the intestinal tract is shown by the data in table 8. The 
intestinal tract of a rat was tied off at various levels and the animal given chlor- 
amphenicol by subcut.aneous administration. After four hours, the rat was killed 
and the contents of each section of the intestinal tract were analyzed for nitro 
compounds and aryl amines. The two-inch section below the pylorus, containing 
all of the bile excreted into the gut, was found to contain practically all of the 
nitro compounds found in the intestinal tract. 

Another point to be noted is that nitro compounds predominate in the in- 
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testinal tract during the first four hours, following which the aryl amines increase 
in concentration and the nitro compounds decrease until practically none remain 
after seventeen hours (table 7). The aryl amines were found to be concentrated 

TABLE 7 

Excretion of chloramphenicol in the urine and intestinal tract of the rat 
A series of rats were given 100 mgtn. chloramphenicol per kgm. body weight by sub- 
cutaneous injection, and killed at different time intervals after administration. Analyses 
were made for total aryl amines (free -4- conjugated) and for total nitro compounds in the 
urine and intestinal tract. Results are expressed as milligrams of chloramphenicol-equiva- 
lents, corrected for normal blanks. 


COLLECTIOX PEMOD (HOOTS APIEE ADillS- 
ISTSAnO.V) 



4 

8 

12 

17 

Urinary Excretion: 

Aryl amines 

0.10 

0.20 

0.28 

0.21 

Nitro compounds 

2.88 

3.72 

2.92 

4.29 

Total 

2.98 

3.92 

3.20 

4.50 

Per cent of dose 

17.7% 

21.5% 

19.3% 

'24.3% 

Intestinal Tract: 

Aryl amines 

0.47 

2.58 

3.30 

7.54 

Nitro compounds 

9.83 

11.65 

9.43 ■ 

,0.72 

Total 

10.30 

14.23 

12.73 

8.26 

Per cent of dose 

61.4% 



44.6% 


TABLE 8 

Excretion of nitro compounds in the intestinal tract of the rat 
A rat weighing 168 gm. was anesthetized with ether and the intestinal tract was ligated 
at varioxis points. The rat was given 16.8 mgm. of chloramphenicol by subcutaneous ad- 
ministration, and sacrificed four hours later. The contents of each section of the intestinal 
tract were analyzed for nitro compounds by the titanium reduction procedure. 


StenON ANALYZED 

NTTRO COiEpOUKDS 
(ucu. CELOEAU- 
THENlCOt'EQTJIVA- 
IJINTS) 

PES CEiTT OP DOSE 



0.4 

Thirst. 9." nf finoliidinp bile diictsl 


30.3 


0.01 

0.1 


0.03 

0.2 


0.03 

0.2 


0.03 

0.2 




5.26 

31.4 




primarily in the caecum. Washings of the intestinal tract incubated at 38° C. 
overnight showed a two-fold increase in the aryl amine content with a correspond- 
ing decrease in nitro content. It is therefore probable that the bacterial flora 
plays an important role in the degradation of the nitro derivatives of chlor- 
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amphenicol. This is supported by Iho obsen^ations of other workers in this labo- 
ratory on the formation of aryl amines from cWoramphenicoI by bacterial re- 
duction of the nitro group (13). 

In contrast to the high concentrations of aryl amines and nitro compounds in 
the intestinal tract of the rat, only negligible amounts were found in stool speci- 
mens collected from man. To study the excretion of nitro compounds in the bile 
of man, one patient having an external biliarj* fistula was given 1 gm. of chlor- 
amphenicol by mouth, and complete collections of urine and bile were made thcre- 

TABLE 9 

Excretion of chloramphenicol products in urine and bile of man 


One gram of chloramphenicol was given by mouth to a human subject with an external 
bile fistula. Analj'scs of urine and bile arc given in terms of chloramphenicol-cquiv.alcnts. 
Becovery figures arc given as per cent of the administered dose. 



TUTE OrCOL- 

ttenov rot- 

LQHtsO AO- 

votcicc 

COtOilUZTBiC 

UmODtOLOOlCAL 


(Boers' AKO 
wixrtts') 


'fflIcTosni./c«. 1 

mpa. 

nicrosin /et. 

mgm. 



ee. 



■■ 


Urine: 

2M0' 

400 

0 



1.24 


3*00' 

00 

123 



4.14 


4*30' 

8S 

272 

23 


3.23 


0* 

185 

334 ’ 

02 

27 

5.0 



2S5 

SCO 

103 

27 

7.7 


9" 

180 

450 i 

81 

20 

11.7 


24* 

730 

730 

633 

817 mgm. 
-81.7% 

39 

28.5 

01.5 mgm. 
-0.15% 

Bile: 

3* 

130 

s 

1.0 

1 

0 


0* 

130 

43 

5.0 1 

2.8 



9* 

05 

38 

2.5 ' 

1.8 



21* 

535 

33 

1 

17.7 

20.8 mgm. i 
-2.7% 

1.6 



after. The results of analj’sis presented in table 9 show tliat 81.7 per cent of the 
total dose was recovered in the urine in 24 hours, while only 2,7 per cent of the 
dose was accounted for in the bile. The possible reabsorption of nitro compounds 
from the bile in the gall bladder of man lias not been investigated, but is sug- 
gested as a possible explanation for the low results obtained in man (14). 

Inactivation of CutonAMPnENicoLur Tissue E.NzniEs. The influence of tissue ourjines 
on chloramphenicol was studied by incubating the antibiotic nith minced rat liver in viVro. 
One-gram portions of liver were weighed out, minced by chopping with a razor blade, and 
suspended in 5 cc. of various buffer solutions as shown in table 10, One cc. of a solution con- 
taining 940 microgm. of chloramphenicol was then pipetted into each buffer, and the 
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samples were incubated at SS'C. for one hour with continuous shaking. Controls were also 
set up for each buffer without any liver added to check the stability of chloramphenicol 
under these conditions. After incubation, the samples were homogenized in a modified 
Potter-Elvehjem apparatus, volumes were adjusted to 20 cc. by the addition of water, 
and proteins were precipitated by the addition of 6 cc. of 15 per cent trichloracetic acid. 
Filtrates were analyzed for total nitro compounds and aryl amines by the colorimetric 
method (2), and for active chloramphenicol by microbiological assay (9). The results are 
presented in table 10. 

From these results it is evident that the greatest loss of antibiotic activity 
occurs at pH 7 to 8, amounting to approximately one-third of the initial concen- 
tration of chloramphenicol. The major portion of this is represented by the for- 
mation of inactive nitro-containing derivatives of chloramphem’col, as evidenced 
by the difference between the colorimetric and microbiological assay figures (table 
10). In addition there is a significant increase in aryl amines, occurring to the 

TABLE 10 

Action of rat liver enzymes on chloramphenicol 


Chloramphenicol was incubated for 1 hr. at 38°C. with minced rat liver in 0.1 M acetate 
(pH 4-5-6), 0.2 M phosphate (pH 7) and 0.2 ilf borate buffers (pH 8-9), Analytical results 
are expressed as microgm. of chloramphenicol-equivalents per cc. of deproteinized filtrate. 


nmnu-pH 

TOTAI. OTTSO 
coKpouiros 
CCOIOBOIEISJC) i 

ACnVE CHtOSAM- 
PEEKlCOt 
(inCSOBIOLOCtCAt) 

DtACnVT Kino 
COUrOOXDS (STl 
BirrESEKCX) 

AlVl. AMINZS 
(COLOMJCCTWC) 

4.0 

38.0 

35.4 

2.6 

0.8 

5.0 

35.2 

30.6 

! 4.6 

0.6 

6.0 

! 35.9 

i 30.6 

1 5.3 

t 1.5 

7.0 

33.2 

25.2 

8.0 

4.0 

8.0 

36.0 

25.0 

11.0 

2.2 

9.0 

36.3 

29.0 

7.3 

0.7 


greatest extent in the pH 7 sample. The inactivation of chloramphenicol may 
involve hydrolysis at the amide linkage in the side chain, since there is evidence 
or the presence of a small amount of the hydrolysis product in urine (5). 

The formation of inactive nitro compounds and aryl amines from chloram- 
phenicol was also observed with rat Iddney and with guinea pig liver and kid- 
ney. The reducing action was inhibited by the addition of cyanide and hydrogen 
sulfide, and completely eliminated by heating the tissue preparations to 60“ C. 
for five minutes. The formation of aryl amines from chloramphenicol is not un- 
e.xpected on the basis of the observations of Kohl and Flynn with nitrobenzoic 
acid (15). 

We wish to express our thanks to Dr. E. C. Yonder Heide, Dr. 0. M. Gruhzit, 
Dr. T. Reutner and Dr. G. Chittenden for their suggestions and kind assistance 
at various stages of the experimental work; and to Dr. John Schwab, Mr. Dwight 
Joslyn and Mrs. Margaret Galbraith for conducting the microbiological assays. 
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SUJOURY 

Chloramphenicol is rapidly absorbed, metabolized and excreted. In man the 
major route of excretion is by way of the kidneys, with approximately 90 per 
cent of the administered dose accounted for in 24 hours. I^esser amounts are ex- 
creted in the urine of lower animals. The bulk of the excreted drug is in the form 
of an inactive nitro compound, and less than 10 per cent of the administered 
dose is excreted unchanged. Henal plasma clearance figures indicate that chlor- 
amphenicol is largely excreted by glomerular filtration, while the inactive meta- 
bolic products appear to bo excreted mainly by tubular secretion. 

In the rat, parenteral administration of chloramphenicol results in excretion 
into the intestine by way of the bile, principally as inactive nitro compounds. 
These may be partly reabsorbed, or reduced in the intestine to form aryl amines 
which are excreted in the feces. Inactivation of chloramphenicol occurs in vilro 
with minced liver preparations, with the production of inactive nitro compounds 
and small amounts of aryl amines. The distribution of chloramphenicol in the 
tissues is not uniform, with high concentrations being found in the liver and 
kidneys and low concentrations in the brain and spinal fluid. 
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The relative antifilarial activity of a large number of cyanine dyes against the 
filarial worm, Liiomosoides carinii, of the cotton rat has been reported in a pre- 
vious publication (1). Twelve compounds were selected from this larger group 
for further study because of their marked antifilarial action, in vivo and in vitro 
the ultimate objective being a clinical trial in human filariasis of a compound 
combining the features of liigh activity and relatively low toxicity. The twelve 
compounds are listed by number in table 1, which summarizes the pertinent data 
relating to their high therapeutic indices ivhen tested in cotton rats infested with 
L. carinii, and to their marked inhibitory effect on the oxidative carbohydrate 
metabolism of this filariid in vitro. Details of the studies on which this summary 
is based were presented earlier (1, 2) along with the structural formulae of the 
compounds, and a discussion of the relation of chemical constitution to antifilarial 
effect, 

A. The chemotherapeutic action of the cyanines follounng oral administration. An 
early step in the continued investigation of these compounds consisted in a study 
of their chemotherapeutic effect against L. carinii in the cotton rat using other 
than the intraperitoneal route. 

In some experiments the drugs were mixed homogeneously with a finely pow- 
dered diet- at levels ranging from 0.06 to 1.0 per cent, the diet being fed to in- 
fested rats ad libitum (3). With these cups a minimum of wastage was encoun- 
tered, making it possible to measure the daily food consumption, and to calculate 
the daily drug intake of the individually housed rats with a considerable degree 
of accuracy. In other experiments, the drugs were administered, in the form of 
aqueous solutions, by stomach tube under light ether anesthesia. 

Briefly stated, ingestion of compounds 348, JS? 863 and ^ 965 resulted in only 
occasional cures, even when the drug content of the diet was very high. Actively 
motile worms were recovered at autopsy from the pleural cavities of rats whose 
average daily consumption of ^ 348 or ^ 863 over a period of fourteen days ap- 

^ The work described in this series of papers was done, in part, under a contract recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and Western Reserve University (August 1, 1944 to October 31, 1945); 
in part, under a contract between the Office of the Surgeon General, U. S. Army (November 
1, 1945 to December 31, 1946); and in part, with the aid of a grant from the U. S. Public 
Health Service (since January 1, 1947). 

• General Mills’ “Checkers”, finely powdered. 
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proximuted 100 mgm. per kgm. of body weiglit. Number 905 cured two rats at 
this dose level, but failed to euro other animals who had consumed half of this 
amount over the same period. By stomach tube, five daily dose.s of 100 mgm. of 
ft' 905 per kgm . cured all of three rats treated; less intensive treatment with ft 965 , 
and also with ft 348 and ft’ 904, consisting of three to five daily doses ranging in 
size from 20 to SO mgm. per kgm., failed to cure twelve of sixteen animals treated. 

lliese data are too limited to permit any conclusions with regard to the relative 
cfficacj’ of the various drags used. However, a marked decrease in the curative 
effect of all the drags, as a result of the change from the inlraperitoncal to the 
oral route of administration, is very obvious when the above figures are compared 


TABLE 1 

The Telative antifilarial activity, againtt L. carioit of the cotton rat, of the most active members 
of a large series of cyanine dyes (I) 


CRXuoTncfAn 

uoLzcruii 

nTiC0T 

cntMtmnaArttmc Acnvrr? Ifittro;sxro 
ADUIKISntKO O.SCS DAaT TOt 5 DAYS 

“XK \1TXO 

un>xz"t 

S 

Mia. ctir. dose* 

Max. tol. dose. 

TlserapeQUc loiiex 

348 

3S2 

tufpH./kgm. 

0.2 

tipn./itn. 

2.0 


' 1.0 

713 

, 374 

0.8 

8.0 


0.25 

003 

305 

0.3 



1.5 

004 


0.15 


13 


005 


O.IS 


13 


043 

3CS 

0.40 

4.0 

10 

1.0 

907 

303 

0,40 

C.O 

15 

1.0 

824 


1.00 

24.0 

15 

0.25 

70S 


0.80 

8.0 

10 

0.50 

S71 

345 

O.IG 

2.0 

13 

0.80 

835 

410 

0,40 

4.0 

10 

' 1.0 

803 

390 

0,40 

4.0 

10 

2.0 


* Autopsy was performed IS hours after the lost dose; worms removed at this time were 
found to be permanently immotile at these dosage levels. 

t Relative inhibitory efiect on oxygen uptake. The inhibitory eifect of the reference 
standard (ft 34S) was demonstrable with concentrations of 1:25, 000, (XX) (2). 

with those of table 1. In the few cases where cures followed oral medication, the 
dose used was at least several hundred times as great as that which produced 
consistent cures following intraperitoncal injection. This suggested that the clin- 
ical therapy of filariasis by oral medication with the cyanines would not be prac- 
tic.able. The additional observation that these compounds caused marked gastric 
irritation in dogs, as evidenced by severe nausea and vomiting following oral 
administration in solution or in gelatin capsules, led to the rejection of this route 
of administration in subsequent studies. 

B. The chemotherapeutic and local irritant action of the cyanines follmaing sub- 
cutaneous administration. Treatment of infested cotton rats by the subcutaneous 
route revealed a pronounced tendency of the cyanines to cause severe local in- 
jury; only ft 964, ft 905 and ft 803 were relatively free of this proclivity. 
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For administration by the subcutaneous route the drugs were dissolved in 5 
per cent glucose solution. Although solution in physiological saline could be at- 
tained readily if the samples were dissolved in an amount of alcohol equal to 1.0 
per cent of the final volume, ivith many compounds precipitation occurred grad- 
ually over a period of five to ten minutes followfing dilution to final volume with 
saline. A few compounds (e.g., ^ 863) did not show this effect, and none of them 
was precipitated by glucose. 

In testing these compounds for local irritant effect, 0.5 cc. of an approximately 
neutral solution of the drug was injected into cotton rats, under the skin of the 
back; after 24 hours the skin over the injection sites was incised for gross ex- 
amination of the area. Except in the cases of the four compounds mentioned 
above, sites exposed to concentrations as low as 0.2 mgm. per cc. showed marked 
hyperemia and edema, and in many cases softening and liquefaction of tissue 
suggestive of necrotic change. No local reactions were observed in control rats 
injected with glucose solution. Compounds ?i?963, JS^964, ^965 and ?(?863 pro- 
duced no such changes at low concentrations, although the first three compounds 
named produced slight but definite tissue change at a level of 1.0 mgm. per cc. 
Even at 2.0 mgm. per cc., compound j¥ 863 produced only mild hyperemia and 
edema. The subcutaneous tissues of dogs were more sensitive than those of the 
cotton rats. Concentrations of 0.5 mgm. per cc. of #963, #964, and #965 pro- 
duced severe hyperemia, edema, softening and liquefaction of tissue. The irritant 
effect of # 863 was definitely less marked, but similar changes could be produced 
when the concentration was raised to 1.0 mgm. per cc. 

The results of chemotherapeutic studies wth # 863 and # 965, using the sub- 
cutaneous route of administration, also were not encouraging. The minimum 
curative doses were five to ten times as great as when the intraperitoneal route 
was used, and the margin of safety was less than half as great. The increase in 
the amount of drug required for cure, when given subcutaneously, may be ac- 
counted for in part by the retention of the drug, as evidenced by the marked 
staining of the tissues, at the sites of injection. Furthermore, the severity of 
damage to local tissues was sufficient to suggest its contribution to the apparent 
systemic toxicity of the drug. The intramuscular route offered no advantage over 
the subcutaneous, with respect to either chemotherapeutic activity or local and 
systemic toxicity. 

Finally, on the basis of the above findings, it would seem likely that very dilute 
solutions of these drugs — e.g., less than 0.5 mgm. per cc. — would have to be used 
to avoid severe local reactions following subcutaneous or intramuscular injection 
into human beings. The volumes involved in doses as low as 0.5 mgm. per kgm. 
of body weight therefore would be so large as to be impracticable. The intra- 
venous route of administration thus remained as the only alternative for further 
study. 

C. The chemotherapeiiHc aclion of the cyanines following intravenous administra- 
tion. In selecting compounds of proved activity for these experiments the field of 
choice was limited purposely to those which were least capable of producing local 
tissue injury. The possibility of producing injury, by intravenous administration, 
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to the intimnl surfaces of veins, with resultant inflammation, sclerosis and throm- 
bosis, was considered, ns was the liazard of perivascular injury following improper 
placement of the drug. Since #005 and especially # 803 produced the least evi- 
dence of local tissue injury following subcutaneous injection, they' were selected 
for preliminary experiments using the intravenous route. Only # 803 was retained 
for more axhaustivo study for a number of reasons. 

Earlier in these studies it was observed that #348, the original compound 
studied, produced a marked drop in blood pressure when administered intrave- 
nously to anesthetized dogs and rabbits. Studies with # 905 and # 803 revealed 
a similar effect, qualitatively, but also showed that the hypotensive action of the 
latter compound was much less marked than that of either # 348 or #905. Col- 
lapse and deatli due to circulatory depression occurred in unanesthetized dogs 
within a few hours after the intravenous injection or slow infusion of 5.0 mgm. 
of #905 perkgm. of body weight. Intravenous injection or infusion of #803 pro- 
duced no untoward signs, even at 10.0 mgm. per kgm., with the exception of 
nausea and vomiting. Only when the dose was increased to 15.0 mgm. per kgm. 
did some animals become progressively weaker after the first 24 hours, a condition 
followed, during the ensuing 48 hours, by muscular tivitohings, rigidity, convul- 
sions, hyperpnea and, eventually death.* Therefore, on the basis of both local and 
systemic toxicity, #803 appeared to offer definite advantages over # 905. 

Before the latter compound was eliminated finally, a limited comparison was 
made of the relative chemotlierapeutic activity and toxicity of the two com- 
pounds in infested cotton rats using the intravenous route of administration. The 
curative activity and toxicity of #803 was studied eventually in greater detail, 
as illustrated by table 3 and a subsequent section of this report. Suffice it to say 
at this time that three to four times ns much of # 803 was required to produce 
death, following both single and repealed injections, ns was the case with #905. 
The minimal dose required to produce cure, on repeated injection, was also 
greater with # 803, but its margin of safety was at least ns great as that of the 
other compound. Although the results actually suggested # 803 to be slightly 
superior to # 905 in regard to margin of safety, an insufficient number of these 
c-xpensive animals wore treated with the latter compound to establish definitely 
this small point of diffeiencc. Since #803 already had been found to possess 
advantages in other respects, it was decided not to belabor this point and to 
devote further work to a more extensive investigation of this one compound. 



T-ethyl-3,0-dimethyl-2-phenyl-4-pyrimido-2'-cyanine cldoride (#863) 

• The basis ot these signs of toxicity was later found to bo a depression of kidney function 
and uremia. A more detailed investigation of this nephrotoxic effect of high doses of #SG3 
is in progress (11). 
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In earlier studies, -when it was established that ^ 863 was capable of producing 
cures following its intravenous administration to cotton rats harboring L. carinii, 
the question arose as to what general type of therapy schedule would allow this 
compound to exert its antifilarial effect with the greatest efficiency and safety. 
In re-examining the data obtained from curative assays using the intraperitoneal 
route (table 2), it appeared that the therapeutic efficiency of these dyes did not 
depend on frequent dosage designed to maintain a high level of drug in the blood 
and tissue fluids, and, in this case, particularly in the pleural fluid surrounding the 
parasites. The therapeutic indices of j5<965 and j$f863, given intraperitoneally, 
were actually lower when the drugs were given at 8-hoxir inten>’als for 18 doses 
than when given at 24-hour intervals for 5 doses. As is shown in table 2, ^ 348 
appears to have the same margin of safety and therapeutic index by both sched- 

TABLE 2 


Chemolherapeniic activity of several cyanine dyes against the filarial parasite, L. carinii, of 
the cotton rat following intraperitoneal administration 


1 

COUPOITKD 1 
NO, 

1 

NO. OF 

DOSES j 

NO. OF 
RATS 
PER 

DOSE 1 

INTERVAL 

LAST 

DOSE TO 1 
AUTOPSY 

MIN. CURATIVE DOSE 

MAX. TOLERATED DOSE 

THERA- 

PEDTIC 

INDEX 

“in vitro 

INDEX“ 

Single 

Total 

Single 

Total 


■1 

1 

hcmrs 

msm./kgmJ 

msm./kgm. 

mgm./ifm. 


■i 


348 


3 

48 

0.10 

1.8 

1.0 

18.0 




19 

3 

48 

0.20 1 

1.0 

2,0 

10.0 

19 



WM 

3 

96 

0.30 j 

0.9 

2.0 

6.0 

19 



B 

3 1 

1 

168 

1.35 

1.35 

4.0 1 

4.0 

B 

1.0 

965 

n 

5 

48 

in 

1.8 

i 0.5 

9.0 

19 

i 

i 


■9 

10 

48 

Di 

1.0 

2.0 

10.0 

B 

0.5 

1 

863 

1 

i 

6 

48 

0.10 

1.8 

0.5 

9.0 

5.0 



s 

10 

48 

0.40 

2.0 

4.0 

20.0 

10.0 

2.0 


ules. However, as mentioned in the previous paper (1), the toxicity tests with 
^ 348 for the 8-hour schedule were performed with uninfested trapped Florida 
cotton rats, while those for the 24-hour schedule, as well as for all subsequent 
toxicity tests reported, were done with cotton rats of a single strain obtained from 
a breeder^. Because the wild variety tolerated the drug somewhat better than the 
domesticated, it is very probable that, in the case of S 348 also, the therapeutic 
efficiency was greater when the daily injection schedule was used. 

Furthermore, examination of the data of table 2 shows that the total dose 
required to produce cures did not differ as greatly, from one schedule to another, 
as might have been expected if the maintenance of a constant concentration of 
drug in the pleural fluid were a critical factor in the chemotherapeutic action of 
the drug. In a subsequent paper (4), data will be presented to show that in dogs, 
at least, only a very small proportion of an injected dose of ^ 863 remains in 
the tissue 24 hours after administration; yet in cotton rats the extension of the 

< Tumble brook Farms, Brant Lake, New York. 
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dosage interval from 8 to 24 houra did not impair the cflieicnoy of the drug and, 
in fact, appeared to result in a rvider margin of Siifoty. In the case of H 348, cures 
were obtained with three doses of 0.3 mgm. per kgm. administered intraperi- 
toncally at intervals of 24 liours or even with a single dose of 1.35 mgm. per kgm., 
if the interval between the last dose and the autopsy were prolonged beyond the 
usual 48'hour period. The low therapeutic indc.\' with the single dose schedule 
was duo, of course, to the nppro.ximation of the dose to the single or acute minimal 
lethal dose of the drug. 

It became apparent that the total dose administered, rather than the magni- 
tude of the individual doses and the duration of the intervals between them, 
merited consideration ns the critical factor in the chemotherapeutic action of the 
cyanines. Such an hypothesis is reminiscent of the observations of Eagle et al. (5), 
who demonstrated the c-vistcnco of such a situation with respect to the chemo- 
thcrapculic action of oxophenntsino in the syphilis of rabbits. Swinyard, Hirsch- 
fclder and Wright (C) observed a similar phenomenon with o.xophennrsine in their 
studies on rata infected with Trypanosoma equiperdum. 

The cyanine dyes are taken up in high concentration by the fdarial wonn, L. 
carinii. Wlien placed in very dilute solutions of #863 or ono of the other aetive 
cyanines, the worms rapidly and progressively are stained, the intensity of the 
color being much greater than tliat of the surrounding medium. Tills probably 
accounts for the fact that for efficient chemotherapeutic results frequent injec- 
tions of the cyanines arc unnecessary. It may also c.xplain the increase seen in the 
chcmothcrapeutio efficiency of the drug when tho interval between the last dose 
and the removal of the worms from the host was prolonged. Tliis phenomenon, 
observed particularly in e.\perimcnts where the number of doses was small and the 
inten'al between them short, is attributed to the fact that more time was allowed 
for the drug, present in or on the parasite, to exert its lethal effect. In view of these 
findings, and by analogy with the reports of Engle H al. (5) and Swinyard et al. 
(G), it seemed likely that the eyanines should be enpable of exerting a filaocidal 
edect with a variety of dosage schedules in which the number and magnitude of 
the individual doses, and the frequency of administration, could bo varied over 
a rather wide range, provided that the total dose did not fall below some critical 
level, or did not produce a lethal effect on the host. It was on this basis that 
various dosage regimes were devised for the treatment, by the intravenous route, 
of cotton rats infested with L. carinii. 

For each injection the animals were lightly anesthetized and restrained on 
their baclcs by means of string-tics extending from the extremities. The head was 
immobilized in extension by means of a loop of string placed over the upper in- 
cisor teeth. Injections were made into the jugular vein at a rate of approximately 
0.2 cc. per minute, the maximum volume injected being 0.5 cc. The 0.5 cm. in- 
cision made over the external jugular vein to facilitate injection, was closed after 
each dose by a single silk suture; signs of infection were not encountered. 

The various dosage regimes used, and the results obtained, are recorded in 
table 3. Wlien single doses of 1.0 mgm. of #863 per kgm. were used, many cures 
were obtained with three doses administered at intervals of either 24 hours, 72 
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hours, or seven days. When the individual dose was less than 1.0 mgm. per kgm., 
using the daily injection schedule, more failures occurred. When treatment fail- 
ures were encountered on the 72-hour schedule, using four doses each of 1.0 mgm. 
per kgm., the individual dose was raised to 1.25 mgm. per kgm. in another group 
of cotton rats, all of which yielded only dead worms at autopsy. If it is postulated 

TABLE 3 


Chemolherapeutic aclitniy of compound 863 against the filarial parasile, L. carinii, of the 
cotton rat following intravenous administration 


DOSAGE 

Ko. or 

DOSES 

tNTElVAtTO 

AOTOPSV 

SmCES DOSS 

IHODEMCE or 
CUE£ 

IKODEKCE or 
TATAItTY 




mim./tsm. 



. 24 hr. 

3 

96 hr. 

0.5 

2/3 





0.75 

0/3 





1.0 

3/4 





10.0 


2/2 


6 

7 days 

1.0 

10/10 





7.5 


0/4 




10.0 


2/10 

72 hr. 

3 

96 hr. 

1.0 

6/7 





10.0 


0/2 



i 

12.5 


3/3 


4 

7 days 

1.0 

3/6 





1.25 

10/10 





10.0 


0/5 




12.5 


3/5 


6 

7 days 

1.0 

11/11 





lO.'O 


1/10 

7 days 

3 

7 days 

1.0 

13/15 





10.0 


0/10 




12/5 


3/4 




15.0 


1/3 


6 

7 days 

1.0 

8/9 





10.0 


1/10 


1 


12.5 


0/10 




15.0 


4/10 




17.5 


2/5 


that an increase in the size of the total dose, rather than that of the individual 
injections, was the critical factor in this increase in the frequency of cures, it 
should have been possible to effect a similar increase with the usual dose of 1.0 
mgm. per kgm. merely by increasing the number of injections to five or more. 
Therefore, a group of animals was given six doses each of 1.0 mgm. per kgm. of 
^ 863 intravenously, at intervals of either 24 or 72 hours, or at intervals of seven 
days. When autopsies were performed, seven days after the last dose, all of ten 
animals injected daily, and all of eleven animals injected at intervals of 72 hours 
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yielded only dead worms; in only one infested cotton-rat of a total of nine were 
a few living worms found when the dosage inter\’al was seven days. 

The ciunulativo relationship between dosage and effect on the parasitic worms 
did not appear to be duplicated with regard to the effect on the host. Unless a 
given dose e-vcecdcd that which was acutely toxic, the cumulative effects of tho 
drug were not striking. Thus 10 mgm. of #8C3 per kgm., given intravenously, 
caused a lethal effect in four of twelve animals when given daily (table 3) ; when 
this dosage was given repeatedly at intervals of 72 hours, or longer, only two of 
37 animals were killed by the same treatment (table 3). Tho findings suggest that 
very little toxic effect was carried over from one dose to the next. This is sup- 
ported also by the fact that the minimum dose which caused death following a 
single injection (15.0 mgm. per kgm.) was only slightly greater than that (12.5 
mgm. per kgm.) which frequently was lethal on repeated administration. 

On the basis of these experiments, tentative plans were made for the use of 
similar treatment schedules in the preliminary clinical trials of #863, that is to 
say, schedules in which repeated intravenous injections would bcgivcnatintorvals 
sufficiently long to obviate or to minimize the danger of cumulative toxic reac- 
tions. These clinical trials, performed with patients harboring the filarial worm, 
TVxichcrcria bancrofli, were preceded by extensive studies of the effects of repeated 
intravenous injections of #803 in dogs and monkeys. Both the clinical trials, 
which unfortunately were unsuccessful, and tho toxicity studies just mentioned, 
will bo described in future publications (4, 7). 

D. The effed of # SGS on tho microfilaremia of coUon rats infested with L. carinii. 
In infested cotton rats the effectiveness of on antifilarial agent may be determined 
directly by e.xaminotion of tho worms removed from the pleural cavities of treated 
animals at autopsy. However, in human patients harboring TF. bancrofli in the 
lymphatic system, indirect criteria for evaluation of tho effectiveness of sucli an 
agent unfortunately cannot be avoided. Periodic counts of the microfilariae in the 
peripheral blood have been included by most investigators as one procedure in 
following treated patients, since a decrease in such counts may reflect the death 
of adult worms (8, 9). With drugs not lethal to tho larx'ac themselves, such a 
reduction should occur at a slow rate, over an interval of time related to the 
longevity of the microfilariae present at the time when their continued production 
is curtailed by the death of, or injury to, the adult worms. A rapid reduction in, 
or disappearance of, the microfilaremia would suggest a direct effect of the 
medication on these larvae, unrelated to the effect on the adult parasites, and 
would necessitate the use of other indirect criteria in the appraisal of the thera- 
peutic result. For this reason it appeared of interest to follow the microfilaremia 
of cotton rats harboring L. carinii after treatment with # 863. 

After performing several counts of the microfilariae in the blood of seven rats, 
five of tlie animals were given 0.5 mgm. of #803 per kgm. intraperitoneally 
once daily for five days; the remaining two rats served as untreated controls. The 
counts were repeated at various intervals over a period of six months. 

' The counts were performed ns follows: 20 cu.rom. of blood were withdrawn from the tail 
into a hemoglobin pipette previously moistened with heparin solution, and were spread on 
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a glass slide over an area of approximately 3 cm. x 1 cm. When dry, this smear was covered 
with a 1 per cent solution of gentian violet in 1 per cent acetic acid and the slide was rocked 
gently until all the blood had been laked, following which a cover glass was placed over the 
wet preparation. All the microfilariae on the slide were counted under the low power of the 
microscope, a process facilitated by the staining of the larvae with gentian violet. 

The results of this experiment are recorded in table 4. The drug had no immedi- 
ate pronounced effect on the degree of microfilaremia. On the other hand a slowly 
progressive reduction in the number of circulating microfilariae occurred; after 
five months the count reached zero. The number of microfilariae in the blood of 
the untreated control cotton rats did not decrease during the experimental period; 
in fact, in one case, a marked increase occurred. At autopsy, the treated rats 
yielded only dead worms which were degenerating and massed in exudate. One 
control rat escaped before the end of the experiment; the other one, at autopaj', 
3 rielded only actively motile worms showing no gross abnormalities. These results 
indicate that the gradual decrease in the microfilaremia of the cotton rat following 
therapy with the cyanines was due to the death of the adult worms. Even if a 
direct delayed action on the larvae occurred, it would be difficult to explain a 
delay so great as to allow survival of some larvae for many months after the drug 
surely must have been entirely excreted or destroyed. 

E. The effect of cyanine dyes on the dog heart worm, Dirofilaria immitis. In addi- 
tion to jf?863, several other cyanines listed in our first paper (1) were tested for 
chemotherapeutic action against this filariid; they were ^348, jf?715, jS?963, 
^964, and ^965. An entirely different sequence of events occurred in this 
situation than in that involving L. carinii and the cotton rat. 

Following the repeated administration of any one of the dyes used, intra-. 
venously, a rapid diminution in the microfilaremia occurred, suggesting a direct 
action on the larvae. The initial counts were of a much lower order of magnitude 
than were those in the cotton rats (e.g., a maximum of. 200 per 20 cu. mm. of 
blood). These began to decrease immediately following the initiation of therapy, 
reaching levels of less than one microfilaria per 20 cu. mm. of blood within several 
days. Such low counts persisted even with dogs followed for 3i weeks after the 
completion of treatment, only an occasional larva being found on repeated thick 
smears, or following concentration from large blood samples by hemolysis and 
centrifugation. On the other hand, even in dogs which received repeated injections 
of maximally tolerated doses of ^863, autopsies performed vdthin a 3? week 
period after therapy showed that all the adult worms removed from the heart and 
great vessels were alive and actively motile. Microscopic examination of Ifisto- 
logical sections of some of these worms revealed the presence of pathological 
changes in the reproductive system of the females sufficient in extent to curtail 
the production of further microfilariae and their discharge into the blood stream.® 
Similar changes produced by the antimonials have been described by Ashburn 
ei al. (10) who state that “longer periods of observation would be necessary to 

^ We express our sincere thanks to Dr. L. L. Ashbuip and his coworkers (10) of the Path- 
ology and Zoology Laboratories, National Institute of Health, Bethesda, Maryland, 
who prepared, examined, and interpreted the histological sections of D. immitis. 
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determine whether or not the sterilization is permanent.” Similarly, it is not 
inconceivable that our animals might have shown a recurrence of microfilaremia 
if autopsy had been delayed for a longer period of time. 

If a complete curtailment of the production of microfilariae, due to sterilization 
of the female worms, had been the only action of cyanines against D. immilis, the 
diminution in the number of circulating microfilariae should have been a gradual 
one, occurring over an interval proportional to the life span of the larvae present 
at the time of treatment. The total life span of these organisms is known to be a 
matter of months (8); yet the microfilariae disappeared from the blood following 
cyanine therapy in the space of only a few days. Therefore, a direct lethal action 
of the drug on the existing microfilariae must have occurred, curtailed production 
serving as an explanation only for the failure of killed larvae to be replaced within 
a short time after therapy. 

Had sterilization of the female filariae been the only effect of therapy, the 
resultant slow decrease in the number of circulating microfilariae, and their 
failure to be replaced at a rapid rate, might have invited the false conclusion that 
all the adult worms were dead. This serves to re-emphasize a warning mentioned 
by other investigators (e.g., Brown, 8), that in the case of human filariasis, where 
a direct check on such a conclusion is not possible, extreme caution should attend 
the interpretation of decreases in microfilariae counts. 

These experiments with D. immiiis demonstrated that the marked chemo- 
therapeutic action of the cyanines against L. carinii need not extend to all species 
of filariae. Unfortunately, this was borne out further by the finding that ?S?863 
was ineffective against W. iancrofii in man (7). 

SUMMART 

(1) Twelve cyanine dyes, reported in a previous paper (1) to be the most active 
of a larger series against the filarial parasite, L. carinii, of the cotton rat, were 
studied further with regard to their efficacy by various routes of administration 
and to their relative suitability for clinical trial in human filariases. 

(2) In contrast to the marked chemotherapeutic activity exerted by these 
compounds following intraperitoneal administration to infested cotton rats, oral 
administration even of massive doses resulted in only occasional cures. 

(3) Cures were produced following subcutaneous administration, but the 
therapeutic indices were less favorable than those obtained when the intraperi- 
toneal route was used. Furthermore, the compounds produced, at the sites of 
injection, local tissue injury of a sufficient degree to preclude their administration 
by this route to human patients. 

(4) One of the intrinsically most active compounds, l'-ethyl-3 ,6-dimethyl-2- 
phenyl'4-pyrimido-2'-cyanine chloride, was selected for further study using the 
intravenous route of administration, since it produced less circulatory depression 
and less local tissue injury than any of the other compounds studied. 

(5) This compound was foimd capable of producing cures in infested cotton 
rats when six doses each of 1.0 mgm. per kgm. were administered intravenously 
at either 24-hour, 72-hour, or weekty intervals. Lethal results followed the intra- 
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venous administration of single doses of 15 ragm. per kgm., and some animals 
were killed by the repeated injection of 10 mgm. per kgm., at iater\'als of one 
day. The wide range of dosage intervals over which the therapy was successful 
is discussed and the conclusion is drawn that the chemotherapeutic effect of the 
drug is related more directly, within limits, to the total amount of drug adminis- 
tered than it is to the frequency of administration. 

(6) The course of the microfilaremia following administration of cyanines to 
cotton rats infested L. cnmiu, and to dogs infested ^^ith D. immiiis is 
described, ns is the failure of these dyes to kill adult worms in the latter case. The 
implications for the clinical trial of ^'803 in patients harboring TT. bancrofii are 
discussed. 
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The existence in blood of an enzyme catalyzing the hydrolysis of procaine to 
p-aminobenzoic acid and diethylaminoethanol was first reported by Legge and 
Durie in 1942 (1). Since then many workers have confirmed this finding and have 
studied the procainesterase activity in human and animal sera (2-6). It has also 
been demonstrated that procainesterase can be inhibited in vitro by anticholines- 
terase agents such as fluoride, methylene blue, neostigmine, and physostigmine 
(7). Kisch ct al. (5, 8, 9) showed, however, that this enzyme is distinct from 
cholinesterase since the procainesterase activity does not run parallel to the 
cholinesterase activity in different species of animals, and the former activity 
resides almost wholly in the albumin fraction of the serum. The extent of the 
influence which such inhibitors of procainesterase might have on the hydrolysis 
rate of procaine in vivo remains unsettled. Burgen and Keele reported in 1948 
(10), that methjdene blue, neostigmine, physostigmine, and di-isopropyl fluoro- 
phosphate did not significantly affect procaine blood levels attained from intra- 
venous infusion of procaine in chloralosed cats. 

If procainesterase is an important factor in the metabolism of procaine in vivo 
it would be anticipated that drugs which inhibit this enzyme would increase the 
toxicity of procaine. The experiments described in the present paper were 
designed to determine whether the agents which have been shonm. to exert an 
antiprocainesterase action in vilro w'ould affect the toxicity of procaine in mice. 
Since these drugs also have well established anticholinesterase action other drugs 
having this latter action were tested as well. 

Procedure. Healthy white mice of both sexes, weighing 20 to 28 gm. each, were injected 
subcutaneously with the drug to be tested for its influence on procaine toxicity. Premedi- 
cation doses were selected as the maximum amounts that would not be responsible, in 
themselves, for any deaths. The solvent, concentration, and dose used for each drug are 
indicated in table 1. After a time interval estimated to be needed by the drug to attain its 
maximum action — ten minutes for each drug except DPP which was dissolved in peanut 
oil and required an estimated four to five hours for maximum action — 1 per cent procaine 
hydrochloride in saline was injected rapidly into the tail vein. Different groups of animals 
premedicated with a given drug received doses of procaine chosen in an attempt to span 
its expected LDso- By the method of Reed and Muenoh (11), the observed mortality per- 
centage was converted to calculated percentage. From these a graphic solution of the 
dosage-effect curve was made on probit paper according to Litchfield and Fertig (12). 
The LDso in each case was then that value on the abscissa for which the ordin.ate was five. 

Five drugs were tested in this way for their effect on procaine toxicity: physostigmine 

' Preliminary report. Fed. Proc., 7: 212, 1948. 

2 This investigation was supported by a grant from the Office of Naval Research, under 
Contract N6 ori-20, Task Order 11. 


472 



rnocAixn Toxicm* ix mice 


473 


salicylate; neostigmine methyl sulfate; dlisopropyl fluorophosphate (DFP); carbamic 
acid, N,K-dimethyM*dimcthyIamino-3-lsopropylphenyl ester, methiodido (DIP) (13); 
and mcthacholinc chloride. Environmental tcmi>craturo varied less than one degree centi- 
grade during these experiments. 

Results A^D Discussiox. The results of experiments to ascertain tlic influence 
of various cholinesterase inhibitors and of mcthacholinc on procaine mortality in 
mice arc slioam in table 1. In the mice receiving no prcmcdication, the LDao of 
intravenous procaine was 53.7 mgm./kgm. 

Wlicn physostigmino salicylate prcmcdication was given ten minutes before 
procaine, the LD^o of the Jnttcr was GG.l mgm./kgm. This seemed an anomalous 

TABLE 1 

Toxfeiti/ of iniravenous procaine in mice prcriousJy treated by Bubciitaneous infection of 
various antiehodncstcrasc agents 


rttUtDiCAnOK AM> MOtTAimtS 


Dose MocAive 
itavjxcv. t.v. 

None 

rhri<Mt!(7nIo« 
iillcylatr. 
0.01<^ln saline: 
0 3 ni)pn./kirm i 

Neoiilimine 
metbyJ-bO* ' 
0.01% in lalioe 
0.15 I 

»lTo..npa. ' 

PFP 0.0J% 
in reaout oil 

2 /k^. 

Dir*oooi% 
lo uline 

40 mierofTn / 

kpfi. 

MethieholiDe. 
Cl 0.t% in 
sslioe 

lOrasm.Acn. 

70 

2S/29 



5/G 


— 

C3 

— 


— 

17/32 

— 

— 

CO 

51/75 1 


4/i 

12/2S 1 



55 

22/41 


— 


— 1 

17/20 

50 

22/51 

0/10 

10/10 

— 


9/25 

45 

3/20 

— 

— 

— 

1 *” 


40 

1/31 

— • 

14/20 

— 

11/19 

1 — 

35 

— 


11/20 

— 

2/19 

! — 

30 

0/10 

— 

5/20 

1 — 

! ■— 

1 — 

LDjq li; S,E. 

53.7 ± 0.5j 

CG.l ± O.I 

34.9 ± 0.9 

'C3.4 ± O.S 

41.9 ± 1.2 

51.8 ± 0.8 

t V'alue 

! - ’o-' 1 

15.3 

8.4 

9.2 

2.0 


•Carbamic acid, Is ,N-dlmethyl-4-dimcthylammo-3*isopropylphenyl ester, methiodide. 
Note: Phj'sostigmino, neostigmine, and DIP were given 10 minutes before the procaine. 
The DFP in peanut oil was adminbtered 4 to 6 hours before the procaine. 


finding, as it demonstrated some protective action of this drug in spite of its 
reported in vitro nntiprocainesterasc activity. Following preraedication by this 
drug a decrease was noted in the incidence and severity of the convulsions 
resulting from the intravenous procaine, ns well as a more rapid recover}' from its 
effects. 

Neostigmine methylsulfate, administered ten minutes before procaine, ynelded 
strikingly different results. The hVu of procaine in mice pretreated with this 
drug was 34.9 mgm./kgm. This increased to.xicity of procaine was the effect 
anticipated if one assumed an inhibition of procainesterase by neostigmine. 
Deaths resulting were of the kind seen with the procaine controls, i.e., violent 
convulsions followed immediately by respirator}' failure, while the heart con- 
tinued to beat for some minutes tliercaftcr. 
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Four to five hours were allowed to elapse after DFP before the intravenous 
injection of procaine was given. In this experiment the LDsq of procaine was 62.4 
mgm./kgm. indicating that DFP, like physostigmine, offers some protection 
against the lethal action of the procaine. DFP and physostigrmne have both been 
shown to gain ready access to brain cholinesterase in vivo, in contrast to neostig- 
mine (13). This may be of some significance in explaining the differential action 
of these agents in their influence on procaine toxicity. 

In the study using DIP, the procaine was injected ten minutes after the pre- 
medication. Here the LDjo of procaine was reduced to 41.9 mgm./kgm. These 
data in turn are comparable to those obtained from the use of neostigmine and 
correlate with the fact that DIP, hke neostigmine, does not gain ready access 
to brain cholinesterase in vivo (13). DIP has not been shown to inhibit procaines- 
terase in vitro. 

Since the premedicants used thus far are parasympathetic stimulants by virtue 
of their inhibiting action on cholinesterase, it was desirable to test the effect upon 
procaine toxicity of a parasympathetic stimulant without anticholinesterase 
effect. Methacholine was chosen for this experiment. This parasympathomimetic 
drug was injected subcutaneously as the chloride salt in a 0.1 per cent concentra- 
tion in normal saline ten minutes prior to the procaine. The LDso of procaine 
under these conditions was 51.8 mgm./kgm. This was not considered significantly 
different from the control value and was taken to indicate that the changes in 
toxicity of procaine induced by the anticholinesterase agents are probably not a 
function of an altered metabolism of acetylcholine and are probably not second- 
ary to the parasjunpathetic actions of these drugs. 

The data presented above have shown that the cholinesterase inhibitors tested 
exert significant but inconsistent influences upon the toxicity of intravenous 
procaine in the mouse. Physostigmine and DFP offered some protection against 
the lethal action of procaine, while neostigmine and DIP augmented its lethal 
action. Though the effects in either case were small they were nonetheless real and 
require some attempt at an explanation. The increase in procaine sensitivity of 
the mice treated with neostigmine and DIP might well be attributed to the in- 
hibition by these drugs of the enzyme destrojdng procaine. The question then 
arises, however, why physostigmine and DFP, which have in vitro procainesterase 
inhibiting qualities, do not also increase the mouse sensitivity to procaine. One 
might suppose that the latter two drugs present a pharmacologic action which 
overbalances their antiprocainesterase effect to the extent that protection against 
procaine is the net result. There is little to indicate what the nature of such an 
action might be. It was pointed out, however, that mice premedicated with 
physostigmine evidenced less severe convulsions following the injection of pro- 
caine than did the untreated animals. Thus it appears possible that physostigmine 
presents an antagonistic action against the central effects of procaine. Physostig- 
mine, in toxic doses, has been stated to have depressant effects on the brain and 
spinal cord (16). 

A further difference between the actions of neostigmine and physostigmine is 
the fact that the former drug exerts a direct cholinergic effect upon skeletal muscle 



rnooAiNE Toxicrrr in mice 


475 


independent of its anticliolincsterase property (17). This action of neostigmine 
could bo thought to augment the convulsive action of procaine and hence increase 
its toxicity. In the light of this possibility, however, it is not understood why 
methacholino did not also increase the toxicity of procaine. The different mecha- 
nisms of action of phj-sostigmino and neostigmine are further reflected by the fact 
tliat the former drug protects animals against the toxic effect of DFP (18) and of 
parathion (19), two potent cholinesterase inhibitors, while the latter drug offers 
much less protection (20). A possible explanation of this difference is that 
phj'sostigmine combines more readily than docs neostigmine with brain choiines- 
tcraso in vivo (13), thus protecting it from combination with subsequently ad- 
ministered cstcmsc inliibitora. 

An interesting correlation, but one which throws little light upon the question, 
is tlie fact that physostigminc and DFP, which offered protection against procaine 
are fat soluble and inhibit brain cholinesterase in vivo (13) more readily than do 
neostigmine and DIP which are not fat soluble and have the opposite effect on 
procaine toxicity. On this basis, however, DFP would be expected to give better 
protection than phj-sostigmine since the former gains readier access to brain 
esterase (13). Though the reverse was true in our experiments it is possible that 
the DFP had not attained its ma.ximum effect. 

The above discussion leaves open the question of the mechanism by which the 
prcraedicating agents used influence the to.xicity of procaine. In any case it 
appeals unlikely that changes in the rate of enzymatic breakdown of procaine 
pbyed an important role in determining the effects observed. However this pos- 
sibility can be eliminated only by a study of the rate of disappearance of procaine 
from mouse blood in vivo and from the whole mouse following intravenous 
injection of procaine. 


SOMMAIIT 

1. Four cholinesterase inhibitors and one non-esterase inhibiting parasympa- 
thetic stimulant were tested for their effect on intravenous procaine toxicity in 
mice premcdicated with the drugs. 

2. Physostigminc and DFP showed significant protective effects, increasing the 
LDjo of procaine 23 and 1C per cent, respectively. 

. 3. Neostigmine and carbamic acid, N,N-dimeth}'l-4-dimethylamino-3-isopro- 
pylphenyl ester, methiodide increased the susceptibility of mice to the toxic 
action of intravenous procaine, lowering the LDw 35 and 22 per cent, respectively. 

4. Methacholine had no statistically significant effect on the toxicity of 
procaine. 

5. Tiiese results indicate tliat the reputed antiprocainesterase activity of the 
cholinesterase inhibitors probably does not influence the toxicity of intravenous 
procaine in mice, and that other factors must bo considered to e.xplain the influ- 
ence which these agents were seen to exert on procaine to.xicity. 
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THE ABSORPTION, DISTRIBUTION AND EXCRETION OP 
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Dtpartmcni of Pharmacology n«(? ihe Department of Obstetrics, The George IlasAtHy/oR 
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Due to the do\elopment of a npul sonMtno chemical technique bj Brodie ct 
al (1) for annhzing basic amines, it is now po^ible to follow the absorption, 
distribution, fate and excretion of man> compounds of thenpciitic value Wc 
hav 0 been able to applj the Brodie mctl^ 1 orange method w ith but slight modi- 
fication for determining I'^ontpccamc (Demerol, meperidine) m biological tissue 
and consequently were able to demonstrate in vitro and tn nto that the liver is 
essential for the detoxication of the compound (2) In continuation of our studies 
on the fate of isompccaine, v\c are presenting findings on its pliarmacologic dis- 
tribution and excretion 

PiiocEOunG AND RESULTS Delcrminatton of uompeeaine and examination of speciflnty 
laasmuch as the tncthvl orange method is applicable for most basic amines, it is necessary 
to appraise the spceiGcit) for isontpecatne According to Brodie (1) this can be accomplished 
by determining the distribution of a drug m on organic soUent water s\8tem at various 
pll values of tlic aqueous phase The probabilitj that two different compounds may have 
the same distribution cocflicicnts under such ph>8icanj defined conditions is rather remote 
Accordiugb, the experimental procedure to examine speciGcit) of the method for iso 
nipccaiiie recovered from biologic tissue was corned out in the follouiui, manner Several 
rats were given a total of 100 mgm /kgm of isompccaine intrapcritoneallj in two divided 
doses over a two liour period Tlnrt> to sixtj mmutc** after the last injection the animals 
wcresacnGced Various organs wore removed, likconea pooled, diluted 1 16m R/SOsodium 
Quonde and then mmeed thoroughly m a AAoring Blcndor After addition of sufficient 
dilute alkali, each ti^^uo mince was cxtrictcd with twice its respective volume of ethylene 
dichlorido The ethylene dichloridc was washed thrice with one half its volume of 3f/2 
phosphate buffer pH 7 Tlie buffer lay cr was completely removed by centrifugation and aspi 
ration Two 7 5 cc samples of the ethylene dichlonde extract were reacted with methyl 
orange and analy red for isonipecame content Other 7 5 cc samples of cthy leno dichlonde 
were each shaken thoroughly with an equal volume of V/2 buffer solutions of pH 7, 6 and 5 
and then analyzed for isompccaine after removal of the buffer lavcr The results were 
compared with those obtained from similar treatment of an aqueous solution of isompccaine 
and from isompccaine added to v anous biologic specimens 

The results are listed in table 1 It is apparent from a consideration of the data 
that the various tissue extracts, especially the liver, contain methyl orange- 
reacting matcnal with solubility characteristics that differ from tliose of pure 
isonipecame A cmnll amount is due to tissue blanks, but the mam contribution 
is presumably from isompccaine metabolites By introducing a triple buffer wash 

‘Now at the University of California, College of Pliarmncy and Division of Pharma 
oology School of Medicine, San Fraucifco, Calforma 
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to the method, however, practically all the metabolic products of isonipecaine, 
plus blank substances in tissue which react with methyl orange, are excluded and 
a high degree of specificity of the method for isonipecaine is obtained. In the 
case of the liver even three buffer washings are not alwaj's sufficient to remove 
all the isonipecaine metabolites. However, after the triple wash usually over 85 
per cent of the methyl orange reactants in the liver represents isonipecaine. 
These findings are in line with Brodie’s observation that as a general rule basic 
amines are metabolized in the body to substances more water-soluble than the 
parent compounds. 


TABLE 1 


Dhlrihuiion ratios* of added and recovered isonipecaine between water and ethylene dichloride 
after equilibration with various buffers 


SAMPLE or ISOKIPECAIKE 

NO. OP 
BT3PPEE 

pH 

■WASHINGS 

7 

6 

5 

Added to water 

1 

0.97 

0.77 

0.35 

Rat tissues 

Added to liver 


0.99 


0.38 

Recovered from liver 


0.61 

wkH 

0.20 

Recovered from liver 


0.89 

0.60 

0.33 

Recovered from brain 

1 

0.87 

0.64 

0.26 

Recovered from brain 

3 

0.97 

0.80 

0.33 

Recovered from lung 

3 

0.93 

0.79 

0.37 

Recovered from heart 

3 

1.00 

0.80 

0.39 

Recovered from spleen 

3 

0.96 

0.80 

0.33 

Recovered from kidney 

3 

0.93 

0.77 

0.34 

Recovered from muscle 

3 

1.02 

0.75 

0.40 

Added to blood 

1 

0.94 

0.77 

0.39 




concentration remaining in ethylene dicbloride 


concentration in ethylene dicbloride before equilibration 

Rale of absorption of isonipecaine in rats. To rule out possible destruction of isonipecaine 
by the gastro-intestinal tract, two rats were given a known amount of the compound by 
stomach tube and sacrificed immediately. Their entire gastro-intestinal tracts plus contents 
were removed, suspended in isotonic saline, and incubated for two hours; the samples were 
then minced and analyzed for isonipecaine content in the usual manner. No change in iso- 
nipecaine concentration was noted after incubating. 

Isonipecaine was then administered by stomach tube to a group of nonfasted rats and 
to another group fasted for twenty hours. The amount of isonipecaine remaining in the 
gastro-intestinal tract was estimated one, two and four hours later. 

Rapid absorption of isonipecaine is suggested by the fact that only a small 
fraction of the compound was recovered from the gastro-intestinal tract after 
only one hour, figure 1. After four hours less than 10 per cent of the total ad- 
ministered isonipecaine was found. It is possible that excretion by this route does 
occur, but the findings suggest that this factor is relatively minor. It appears 
also that the presence of food in the stomach slows absorption of isonipecaine. 
T his is in line with our earlier studies where we reported that nonfasted rabbits 
survived an oral dose of isonipecaine usually lethal for fasted rabbits (3). 
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Distribution of isonipccainc. The distribution of isonipccaino was studied in several rats 
and one dog. After administration of the drug, the animals were sacrificed at various time 
intervals. One gram (whenever possible) of blood, heart, liver, kidney, brain, spleen, muscle 
and lung was rcmo\'cd and suspended in sufficient M/50 sodium fluoride to make 16 cc. 
and then minced in a Waring BIcndor. A 5 cc. aliquot was analyzed for isonipccainc content 
in the usual manner (2) with the exception that a triple buffer wash was used instead of a 
single wash. 

The results in table 2 indicate that isonipccainc tends to concentrate in tlic 
kidnej’s, spleen, lungs and liver. Appreciable levels are attained in the brain and 
somewhat lower concentrations in the heart and muscle. Very little isonipecaine 
was found to be present in blood. 

o 

p 


d 



rioimE 1. Bate of disappearance of isonipecaine from the gastro-iatestinal tract in 
rats after 50 mgm./kgtn. orally. 

Evidence that storage of isonipccainc does not extend over a great period of 
time is indicated by the fact that tissue concentrations were barely detectable 
five hours after administration of 100 mgm./kgm. isonipecaine (table 2). Also 
even after nine successive injections of isonipecaine (50 mgm./kgm.) over a three- 
day period, little or no isonipecaine was detected in the animals sacrificed on the 
fourth day. Since it is well knowm isonipecaine has a relatively short duration of 
action and, in view of our previous report, that the liver rapidly metabolizes 
isonipecaine, the results obtained are somewhat to be e.xpected. 

The results obtained on one dog after administration of isonipecaine followed 
the same distribution pattern as in the rats, with the exception that a low level 
was found in the lungs. Highest levels were found in the kidney, liver, and spleen. 
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Excrelion of isonipecaino in saliva. Eight patients were given 100 mgm. of isonipecaine 
intramuscularly and were instructed to collect their saliva for the first and second hours. 
The samples were analyzed for isonipecaine content. Control studies on saliva obtained 
prior to drug administration from six volunteers who received no isonipecaine indicated 
that negligible methyl orange reactants were present. 

Low concentrations of isonipecaine varying from 3.5 mgm./liter to 6.0 mgm./ 
liter were found excreted in tLe saliva. Due to tlie small amounts detected, it was 
not feasible to evaluate for the specificity of the method. It is possible, therefore, 
that isonipecaine metabolite(s) might have contributed to a small degree to the 
obtained values, in which case the values would be even lower than those now 
given. 


TABLE 2 


Concentration of isonipecaine (mgm./kgm. fresh tissue) in rats after inlraperitoneal 

administration 


DOSAGE SCHEDULE 

BLOOD 

LUKC 

LtVEB 

EtOKEY 

SPLEEN 

BSAtN 

HEAET 

wusaE 

0 hr. 50 mgm./kgm. 

1 hr. 50 mgm./kgm. 

2 hrs. sacrificed 

3* 

11* 

34* 

46* 

58* 

17* 

10* 

7* 

0 hr. 50 mgm./kgm. 

2 

20 

16 

110 

21 

10 

6 

5 

1 hr. 50 mgm./kgm. ! 

3 1 

28 

19 ! 

57 

27 

8 

15 

4 

3 hrs. sacrificed 

4 

20 

14 ! 

43 

60 

23 

8 

8 


5 

14 

11 

22 

16 

14 

n 

4 


<2 

19 

14 

20 

29 

12 

11 

4 

0 hr. 50 mgm./kgm. 

<2 

12 

1 

12 

1 

16 

1 

3 

4 i 

<2 

4 

1 hr. 50 mgm./kgm. 

6 hrs. sacrificed 

<2 


18 

4 

<2 

■ 

<2 

<2 

50 mgm./kgm. 3 times daily 

<2 

<2 

<2 

<2 

3 

. 

<2 

<2 

1 

<2 

for 3 days. Sacrificed on 4th 
day. 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 


* Average values of pooled organs of 5 rats. 


Excretion of isonipecaine in milk. Six lactating patients were given 100 mgm. 
of isonipecaine by the intramuscular route and the milk was collected at various 
time intervals between one and six hours after injection. On analysis for isoni- 
pecaine no significant amoimt was detected, the concentration being less than 
0.5 mgm./liter. No diflaculty was encountered recovering isonipecaine added to 
human milk. 

Placental permeability to isonipecaine. Evidence that isonipecaine crosses the placental 
barrier is indicated by the following experiment. Isonipecaine (100 mgm. I.M.) was admin- 
istered once or twice to expectant mothers during the first stage of labor. Total urine 
specimens of their respective newborns were collected for the first 24 hours and estimated 
for isonipecaine content. Only males were used. A urine sample was obtained with very 
little loss by placing a rubber condom over the base of the penis immediately after delivery. 
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To prcicnt Epillinc nnd to ctTcct a snug fit, a Kelly clamp was then used to close the open 
end of the condom. 

The results are shown in table 3. Vnrj-ing concentrations of isonipecaine were 
found in the urine, whereas five control specimens, collected from Mants whose 
mother received no isonipecaine, showed no appreciable levels of methyl orange- 
reactants (less than 1 mgm./litcr). That the isonipecaine found is cliiefly the cora- 

TABLE 3 


/ImoMnf of xsonipccaint in urine excreted fey mothers and their respectht ncifftoms £4 hours 
after administration of the compound 


rintvT 

CO'-ClVTUATlOt «C« /I. 

% 10TAL DOST 

Son 

Mother 

Soo 

Mother 


10 

35 

0.2 

S.7 

B 


16 


4.5 

n 


12 



L 


— 

0.2 

— 

CO 


— 

O.G 

— 

W 


— 

0.1 


He 


— 

0.0 

— 

0 


— 

0.0 


ML 

10 


0 1 

— 


TABLC 4 

Distrihution ratios* 0 / added end rccotcrcd isonipecaine belicecn icaterand ethylene diehtoride 
after c<iutfi6fafiort tetth tanous buffers 


SAvnt or ISo^^Ptc.\r^c 

NO OT 
Burn* 
'AASniNCS 

pn 



6 


Added to water 

I 


IQQI 

0.77 

0.35 

Added to adult urine 




0.73 

0.33 

Added to adult urine 

3 



0.76 

0.86 

Recovered from adult urine 

0 



0.42 

0.18 

Recovered from adult urine 

3 



0 80 

0.30 

Recovered from ne5\born urine 

1 

— 


0.52 

0.22 

Recovered from newborn urine 

3 

— 

0.91 

0.73 

0.34 


„ coDCcntration rcmiininp in cthvlcno dichlon<le 
concentration in cthjlene dichloridc before equilibration 


pound itself is indicated in the specificity studies of table 4. Tlie amount of 
isonipecaine which appeared in the newborn urine, however, was quite low. Less 
titan 1 per cent of the total administered dose was accounted for by this route. 
This appears to support the clinical reports that isonipecaine usually has rela- 
tively minor adverse effects on the fetus when it is used to produce obstetrical 
analgesia. 

Excretion of isonipecaine in human urine. Although the urinary excretion of 
isonipecaine has been studied by Lehman and Aitken (4) and by Oberst (5), no 
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evidence was presented as to specificity of method. Since we were able to deter- 
mine isonipecaine in urine with a measurable degree of specificity, it was decided 
to investigate the urinary excretion of the compound. 

Three patients were each given 100 mgm. of isonipecaine by the intramuscular 
route. Another individual took the same dose orally. Total urine specimens were 
collected at certain time intervals and analyzed for isonipecaine. 

Less than 10 per cent of the total administered isonipecaine dosage was found 
to be excreted in the urine (figure 2). If due allowance is made for absorption of 
the drug, it can be readily seen that the rate of excretion is most rapid soon after 
administration of the compound. Single urine specimens from twenty or more 
individuals receiving isonipecaine obtained at various time intervals yielded 
values in line with the curves in figure 2. The amount of isonipecaine excreted 



Figubb 2. Rate of urinary excretion of isonipecaine in humans after intramuscular 
injection of 100 mgm. 

ranged from 2-10 per cent of the total dose given. These findings are lower, but 
do not differ greatly from those reported by Lehman (4) and Oberst (5). 

Countercurrent studies on urines of individuals given isonipecaine. In an attempt to frac- 
tionate and characterize the urinary metabolites and to obtain more rigid proof as to its 
presence in the urine in individuals receiving the drug, a modified Craig countercurrent 
technique (6, 7) was applied in the following manner: 

Four individuals were given 100 mgm. isonipecaine orally before retiring. The urine was 
collected in the morning and analyzed for apparent isonipecaine content. About 4.5 per 
cent of the total administered dose was recovered as methyl orange reactants. 

One hundred cc. of the urine were alkalinized and extracted with small portions of ethyl- 
ene dichloride until the urine gave neglible tests for methyl orange reactants. The ethylene 
dichloride was concentrated under reduced pressure to SO cc. and a 25 cc. aliquot sample 
was employed for countercurrent distribution as described previouslj' (8), An eight plate 
transfer separation was carried out in a system consisting of equal parts ethylene dichloride 
and 25/ phosphate buffer pH 5.45. 

At the end of the distribution the layers were separated and analyzed for methyl orange 
reactants. The values obtained were used for calculating the respective partition coefficients 




FATE OP ISONIPECAINE 


483 


of the methyl orango reactants in each bottle ns well aa to chart the charactoriatic dis« 
tribution curve of the methyl orange reactants. The latter was obtained by plotting the 
fraction present in each bottle against the bottle number. The theoretical values were 
calculated in the manner described by Williamson and Craig (9). 

From the distribution pattern of the methyl orange reactants in the urine, the results 
indicated that eight transfers wore not sulHcieot for complete separation of the constituents 
for characteriiation although peaks were obtained at bottles 5 and 8. The findings sug- 
gested that the substance contained in bottle 6 might be isonipccaine since it was calculated 
from the partition coefficient of isonipccaine (determined prior to the countercurrent run) 
that it would gi\'e a maximum value at bottle 8. 



Fiotmc 3. Countercurrent distribution curve of methyl orange reactants in urine of 
four individuals after taking 100 mgm. of isonipocaino orall}*. 

In order to ascertain more precise infonsatlos as to the identity of the isonipecaine-lik© 
substance in bottle 5, the countercurrent transfer of the same pooled urine of the four 
individuals was repeated, but the preparation of the urine sample for distribution was 
modified to exclude a great part of the methyl orange reactants other than isonipccaine. 
This was accomplished by using an adsorption technique previously used to separate meth- 
adone from blank substances in urine (10). Recovery of the isonipccaine from the adsorbent* 
was effected by alkalimzvng and shaking with ethylene dichloride. Although blank sub- 
stances and isonipccaine metabolites are carried through the process to some e.xtent, con- 
siderable separation of isonipccaine from these substances can bo effected by such means. 

When the Bame urine sample of the above individuals was treated by the ad- 
sorption and elution technique and then subjected to an eight plate counter- 
current transfer, the curve as shown in figure 3 was obtained. A substance with 
a maximum at bottle 5 and a partition coefficient of 0.66 jdelded an experimental 
curve which fitted well with the calculated theoretical cur\*e. Wlien the partition 

* Superfiltrol— Filtrol Corporation, Los Angeles, California. 
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coefficient of isonipecaine was determined for the same system as used in the 
countercurrent distribution, it was found to be 0.65. Thus, there is strong evi- 
dence indicating that the substance in bottle 5 is actually isonipecaine. 

On further calculation, it was found that the isonipecaine present constituted 
60 per cent of the total methyl orange reactants in the urine and represented 
less than 3 per cent of the total isonipecaine dosage. The remainder of the methyl 
orange reactants represented isonipecaine metabolite(s) and blank substances in 
the urine. 

Countercurrent transfers on other urine samples of individuals who received 
isonipecaine indicated that the isonipecaine present varied from 25 to 75 per cent 
of the total methyl orange reactants. Since the amount of isonipecaine appearing 
in the urine usually represents less than 10 per cent of the administered dose, it is 
quite evident that urinary excretion plays a minor role in disposing of isonipe- 
caine. 
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SUJIMARY 

1. After administration of isonipecaine (Demerol) to rats the compound con- 
centrates mainly in the kidneys, spleen, lungs and liver. Appreciable levels are 
attained in the brain and lower concentrations in heart and muscle. 

2. After repeated administration of isonipecaine three times daily for several 
days virtually no isonipecaine could be recovered from the animals 24 hours 
later. 

3. Isonipecaine is rapidly and almost totally absorbed after oral administra- 
tion. 

4. Isonipecaine or its metabolite(s) is excreted to some extent in saliva; but 
no isonipecaine was detected in the milk of individuals receiving the compound. 

5. Less than 5 per cent of the total oral isonipecaine dosage was separated and 
characterized from urine by countercurrent techniques. 

6. An even smaller amount of isonipecaine (less than one per cent) was found 
in the urine of newborns whose mothers had previously received isonipecaine 
during the first stage of delivery. 
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